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IRREVERSIBLE INHIBITORS OF TYROSINE KINASES 



FIELD OF THE INVENTION 

This invention relates to compounds that are 
irreversible inhibitors of tyrosine kinases. This 
invention also relates to a method of treating cancer, 
atherosclerosis, restenosis, endometriosis, and 
psoriasis, and to a pharmaceutical composition that 
comprises a compound that is an irreversible inhibitor 
of tyrosine kinases. 



BACKGROUND OF THE INVENTION 

Cancer has been viewed as a disease of the 
intracellular signalling system, or signal transduction 
mechanism. Cells receive instructions from many 
extracellular sources, instructing them to either 
proliferate or not to proliferate. The purpose of the 
signal transduction system is to receive these and 
other signals at the cell surface, get them into the 
cell, and then pass the signals on to the nucleus, the 
cytoskeieton, and transport and protein synthesis 
machinery . 

The most common cause of cancer is a series of 
defects, either in these proteins, when they are 
mutated, or in the regulation of the quantity of the 
protein in the cell such that it is over or under 
produced. Most often, there are key lesions in the 
cell which lead to a constitutive state whereby the 
cell nucleus receives a signal to proliferate, when 
this signal is not actually present. This can occur 
through a variety of mechanisms. Sometimes the cell 
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may start to produce an auth.n^ • 

own receptors ..en it s^o.ITToT T"' '^''^^ 
autocrine loop mechanism muL^ "^-^^^^-^ 
surface receptors, which ■usuaiL "' 

by means of tyrosine kinas. ^^^^ 
the kinase in the absence ori"" '"^ '° -^ivation of 
signal Which is not really therT^.."^ ^""''"^ °' ^ 
surface kinases can be overexpre. ^''"^"^^^-^1^, many 
surface leading to an . /""^^P^^^^^^ ^n the cell 
- a weak s.gnal. ZST^^'''^'^'- — response 
-11 at Which mutation or o" '"^^^^ 
the same spurious slgna! arT:^"^^^^^'°" 
are many other kinds of signalj"^ "^^^^^ 
-ncer. ..^3 invention toucl?"' ^'^^'^ '"^^^^^ ^ 
--en by the three mechanisms .rrr/^'^^^^^ ^^^^^ 
whxch involve cell surface r^^ <^^scrxbed. and 

growth factor receptor °f the epidermal 

-^s fam.i, con3.3:r:.t:^;^ "-^^^ — ■ 

Hrb-Bl,, the Hrb-B2 receptor 1^^'°^ ^"^^ ^ 

active oncoprotein mutant .eu, the H^b^Br'"'"''"^'^ 
the Erb-B4 receptor. Additi/ . receptor and 

-ocesses driven throu^l^rr^r, LTL^^"^^-^ 
receptors can also be treated H '""^^'^ 
invention described below. =°-P--nds of the 

The EGFR has as its t^r. 
Epidermal Growth Factor (EGF, h ''^--<^- 
Factor alpha (TGFalpha) Th ^'^^"^ ^ °^n,ing Growth 

only minor functions in adult r^^""""" ^''''^^^ '° ^^^^ 
apparently implicated in the 

portion Of an cancers, especiari"" "^"'"'^ °' ^ ^^^^^ 
cancer. .he closely relatL™ C '^^^^^ 

receptors have a family of 7 ^""^"^^ ' Erb-B4 

^i.ands, and receptor ovel^p::!: "^ '^^^^ ^^^^ 
been unequivocally demons traced Is Th'"^ ^^"^ 
factor in poor prognosis breast cane "^'^^ 
-t has been demonstrated that allT ^^^^'^^^-aUy. 

all four of the members 
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.-ors can form heterodimeric 
of tHis family of ^^^^^,'2 lZr meo^ers of the family, 
signalling --^^^^^f synergistic transforming 

and that this can lead y 

capacity if ^^^MrnJcr Overexpression of more 

overexpressed in a -^^^^^^^J^^^ .^.^ ,o be relatively 
than one family member has bee 

common xn human malignance ' ,,,, , 

Xn addition to cancer res . 

aisease in which -^-^^fj/^.e proliferation of 
,,...3. Restenosis invo - -e^^^^^^^^^ , 

vascular smooth --'^^^ coronary angioplasty 

clinical problem — ^^^^ Restenosis generally 
and other med.cal -^,,3 ..ou. 30% to 50. 

occurs within about ° ^° angioplasty to clear 

, of Pat.ents who -der.° -U^^^ ^^^^^^ ^^^^^ 

clogged coronary arter resulting 
restenosis causes 

health care expense. initiated by injury 

..e p.ocess of res eno- ^^^^^^^^ ^^^^^ 

of the blood vessel, xncl vasoactive, and 

..e subsec^ent — ^/Z^;;,^,, aeep vessel m^ury 

mitogenic factors. thrombus formation, 

leads to Platelet ^^^'^^ _.ophages and smooth 
25 inflammation, and actx production of 

.uscle cells. ^-^^l^^ZZrTla cytokines, which in 
... release -7-;::, synthesis and release from 
turn may promote the ^^^^ting process 

target cells. Thus, a self P P ^^telet derived 

-v, factors such as Ei^r , ,or-Pc^ 
30 invclvin, '^^^^"^ nbrobl.s. .-wth factor CFGFs, 

growth factor (P^J) ^^^^^ have 
is initiated. Tnu , transduction 

- tyrosine Kinases. 



BNSDOCIO <V/0_9738983A1J_> 



wo 97/38983 

PCTA;S97/05778 

-4- 

The proliferative skin ^• 
erood cure at present it L r^"' ^"^^^^-^ has no 
anticancer agents such as 1,^?" '"'''^ 
-rious siae effects, and .TcTlT'^' 

-.ie,,, dose 1 :r ^^^^ 

It xs believed that TGF aloha '° 
factor overproduced in psoria.'^ '""^ ^^^^^^ 
transgenic mice which over elr'' °' 
P-^i-.s. .,^3 suggests thaT a T ^'"'^ 
signalling could be used as ant ^^^ibitor of egfr 

P-ferably, necessarU '^^r"'''' 

It is especially advan^ topical dosing, 

tyrosine kinase inhib.rots lir^^ irreversible 
-hibitors, because irreverl^i '"''"^^ '° —rsible 
- prolonged suppression of he ,v"'''"°^^ 
1-ited only by the normal rate 0^"""' 
resynthesis, also called turnover 

restenosis can be found L "he /r^''"" 

-hich are all hereby incorporated h""^ cJocuments. 

Benjamin c.W. and ^onL dT 
Growth Factor Stimulates Grow^K "'^^^^^^t-Derived 
-ote.n-2 Association with sr" ""^^ ^^^ding 

M-cle cells, JSC, 1994.269 .no ""'^""'"^ "'"^^^^ 

V , '^°5:30911-309ifi 

Kovalenko m., et al Sel..^ • 
Growth Factor Receptor Kina Platelet-Derived 

Cis-transformation can ''^''^^'^ 

Schwart. R.s T ^^^^'■^^-^106-5114. 

«-visted: An Alternative "prlo! ''"""^^^ 
Mechanisms, j Am CoU 7^"^"°^°^^^ Cellular 

Libby P.,tt II r ^^^^'•^0 = 1284-1293. 

special case of Ather;scr;:o? Restenosis - . 

eircuiation, 1992,.85.4. ^^^-ssion, 



relating to cancer and 



wo 97/38983 



PCTAUS97/05778 



-5- 

restenosis can be found in the following document which 
is hereby incorporated by reference. 

Jonathan Blay and Morley D. Hollenberg, 
Heterologous Regulation Of EGF Receptor Function In 
Cultured Aortic Smooth Muscle Cells, Eur J Pharmacol, 
Mol Pharmacol Sect, 1989 ; 172 ( 1 ): 1-7 . 

Information that shows that antibodies to EGF or 
EGFR show in vivo antitumor activity can be found in 
the following documents which are hereby incorporated 
by re f erence . 

Modjtahedi H., Eccles S., Box G., Styles J., 
Dean C, Immunotherapy Of Human Tumour Xenografts 
Overexpressing The EGF Receptor With Rat Antibodies 
That Block Growth Factor-Receptor Interaction, Br J 
Cancer, 1993 ; 67 : 2 54-261 . 

Kurachi H. , Morishige K.I., Amemiya K. , Adachi H., 
Hirota K., Miyake A,, Tanizawa O, Importance Of 
Transforming Growth Factor Alpha /Epidermal Growth 
Factor Receptor Autocrine Growth Mechanism In An 
Ovarian Cancer Cell Line In Vivo, Cancer Res, 
1991;51:5956-5959. 

Masui K. , Moroyama T., Mendelsohn J, Mechanism Of 
Antitumor Activity In Mice For Anti-Epidermal Growth 
Factor Receptor Monoclonal Antibodies With Different 
Isotypes, Cancer Res, 1986;46:5592-5598. 

Rodeck U., Herlyn M., Herlyn D. , Molthoff C, 
Atkinson B., Varello M. , Steplewski Z., Koprowski H., 
Tumor Growth Modulation By A Monoclonal Antibody To The 
Epidermal Growth Factor Receptor: Immunologically 
Mediated And Effector Cell -Independent Effects, Cancer 
Res, 1987 ; 47 : 3 692-3 696 . 

Guan E . , Zhou T . , Wang J . , Huang P . , Tang W . , 
Zhao M., Chen Y., Sun Y, Growth Inhibition Of Human 
Nasopharyngeal Carcinoma In Athymic Mice By 
Ant i- Epidermal Growth Factor Receptor Monoclonal 
Antibodies, Jnternat J Cell Clan, 1989;7:242-256, 
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Masui H., Kawamoto T. , sato j.d. ' wolf B 
Sato G Mendelsohn J, Growth Inhibition Of Human Tumor 
cells m Athym^c Mice By ^^ti- Epidermal Growth Factor 
Receptor Monoclonal Antibodies, Cancer Res 
1984;44:1002-1007. 

In addition, the following documents show the 
antitumor activity of protein tyrosine kinase 
xnh.bitors. The documents are hereby incorporated by 
reference. 

Buchdunger E., Trinks U., Mett H. , Regenass U. , 
Muller M., Meyer T., McGlynn E., Pinna L A 
Traxler P., Lydon N.B. 4 , 5-Dianilinophthalimide : A 
Protexn Oyrosine Kinase Inhibitor With Selectivity For 
The Epidermal Growth Factor Receptor signal 
Transduction Pathway And Potent In Vivo Antitumor 
Activity. Proa Natl Acad Sci USA, 1994;91:2334-2338 

Buchdunger E., Mett H. , Trinks U. , Regenass U 
Muller M., Meyer T. , Beilstein P., wirz B 
Schneider P., Traxler P., Lydon N. 4,5-Bis(4- 
FluoroanilinOPhthalimide: A Selective Inhibitor Of 
The Epidermal Growth Factor Receptor Signal 
Transduction Pathway With Potent In Vivo Mdd Antitumor 
Activity, Clinical Cancer Research. 1995;1:813-821 

Compounds that are reversible inhibitors of 
tyrosine kinases have been described in U.S. Patent 
Numbers 5,457,105, 5,475,001, and 5,409,930 and in PCT 
publication Numbers WO 9519774 and WO 9519970 The 
presently disclosed compounds, which are structurally 
different from the tyrosine kinase inhibitors described 
in the above-identified documents, are irreversible 
inhibitors of tyrosine kinases. 
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SUMMARY OF THE INVENTION 

The present invention provides compounds having 
the Formula I 



10 




13 V 




15 



wherein X is -D-E-F and Y is -SR^, halogen, -OR^ , 

-NHR^, or hydrogen, or X is -SR^ , halogen, -OR^ , 
-NHR^, or hydrogen, and Y is -D-E-F; 



20 



25 



30 



35 



D is -N-, -0-, -(j:-, -N -N- 

H 



H H H 



R^ H 



H H H H 



f r 



-0-<j:- , -S-y-, or absent; 
H H 



E is -C-, 



O O 

H I 
-S-, or -S-; 

II 



r 

OR' 



40 



F is -C=C, -CsC-R^, or -C=C=C; 



1 

H 



H 
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O O 

H II 

provided that when E is -S- or -S- D is not 



r1 

r2 



r2 ^2 



O 



or -ocj:; 

H H H 
is hydrogen, halogen, or C-^-C^ alkyl; 
r3, and r4 are independently hydrogen, c^-Cg alkyl, 
-(CH2)n-N-piperidinyl, - (CH2 ) ,,-N-piperazinyl, 
' '^"2)n-Ni-piperazinyl[N4-(Ci-C5)alkyl] , 
- (CH2 ) n-W-pyrrolidyl, - {CH2 ) n-pyridinyl! 
- {CH2)n-N-imidazoyl, - (CHj ) „-imidazoyl , 
- (CH2 ) n-N-morpholino, - (CH2 ) ^.-N- thiomorpholino, 
"('^"2)n-'^-hexahydroazepine or substituted C^-Cg 
alkyl, wherein the substituents are selected from 



A 



-OH, -NH2, or -N-B, A and B are independently 
hydrogen, C^-Cg alkyl, -(CH2)j,OH, 
- (CH2)n-N-piperidinyl, - (CH2 ) ^-N-piperazinyl , 
- ( CH2 ) n-Ni -piperaziny 1 [N4 - ( c ^ -Cg ) alkyl ] , 

- <<="2 ) n-N-Pyrrolidyl , - (CH2 ) n'M-pyridyl , 

- (<=^"2)n-in»i<iazoyl, or - (CH2 ) n-N-imidazoyl ; 
z2, or are independently hydrogen, halogen, 

Ci-Cg alkyl, C3-Cg cycloalkyl, C^-Cg alkoxy, 03-03 
cycloalkoxy, nitro, Ci-Cg perf luoroalkyl , hydroxy, 
Ci-Cg acyloxy, -NH2 , -MHtCi-Cg alkyl), -NCCi-Cg 
alkyl)2, -NH(C3-08 cycloalkyl ) , -N(C3-Cg 
cycloalkyl) 2, hydroxymethyl , Cj-Cg acyl, cyano, 
azido, Oi-Og thioalkyl, Cj-Cg sulf inylalkyl , Ci-Cg 
sulfonylalkyl, C^-Cq thiocycloalkyl , 03-03 
sulfinylcycloalkyl, 03-09 sulf onylcycloalkyl , 
mercapto, O^-Og alkoxycarbonyl, 03-Og 
cycloalkoxycarbonyl, O2-O4 alkenyl, 04-Og 
cycloalkenyl, or O2-O4 alkynyl; 
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r5 



is hydrogen, halogen, C^^ -Cg-perf luoroalkyl , 
1, l-difluoroCC^-Cgjalkyl, -C5alk:yl, 

- (CH2 > r^-N-piperidinyl, - (CH2 ) j^-piperazinyl , 

- {CH2 ) ^-piperazinyl [N4 - (C-t -C5 ) alkyl ] , 

- (CH2 ) p^-N-pyrrolidyl , - (CH2 ) ^^-pyridinyl , 

- (CH2 ) ^-N-imidazoyl , - (CH2 ) j^-N-morpholino, 

- (CH2 ) j^-N-thiomorpholino, -<j:=CH2 , 

H 

-CH=CH- (C^-Cg) alkyl, - (CH2 ) n-N-hexahydroazepine , 

- (CH2 ) pNH2 ' " <^^2 ' n^^^l-^e^^^y^J ' 

- (CH2 ) j^NCC^-Cgalkyl) 2 , - 1 -0x0 { C^^ -C5 ) alkyl , 
carboxy , IC-^-C^) alkyloxycarbonyl , 

N- (C^ -C5 ) alkylcarbamoyl , phenyl or substituted 
15 phenyl, wherein the substituted phenyl can have 

from one to three substituents independently 
selected from , Z^ , or a monocyclic 

heteroaryl group, and each C^j^-C^ alkyl group above 
in can be substituted with -OH, -NH2 or -NAB, 

2 0 where A and B are as defined above, is hydrogen 

or Cj^-Cg alkyl; R^^ is hydrogen or halogen; and 
n is 1 to 4 , p is 0 or 1, and the pharmaceutically 
acceptable salts, esters, amides, and prodrugs 
thereof . 

25 In a preferred embodiment of the compound of 

Formula I, Z^ and Z^ are hydrogen, and Z^ is a halogen. 

In a more preferred embodiment of the compounds of 
Formula I, Z-^ is bromine. 

In another more preferred embodiment of the 

3 0 compounds of Formula I, the bromine is located at the 3 

or meta position of the phenyl ring. 

In another preferred embodiment, is hydrogen, 

Z^ is F, and Z^ is CI. 

In another more preferred embodiment, Z-^ is 
3 5 hydrogen, Z^ is F, and Z^ is CI, wherein Z^ is located 

at the 4 position, and Z^ is located at the 3 position 
of the phenyl ring. 
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in another preferred embodiment of the compounds 
of Formula 1, 

I II II . 

X xs -N-C-C-R^, and Y is hydrogen, or 

R^O CHR^ 

V • K ^ I 11 II , 

X IS hydrogen, and Y is -N-C-C-R^. 

In another preferred embodiment of the compounds 
of Formula I, Y is -D-E-F, and -D-E-F is 

R^O R^ r5 
I 11 I I 
— N-C-C=CH 

I II I I 
— N-S-C=CH , or 



R^O R^ r5 
I II I I 
— N-P-C=CH . 

In another preferred embodiment of the compoundt 
of Formula I , X is -d-E-F, and -D-E-F is 



R^ O r5 
I il I I 
— N-C-C=CH 



R^O R^ r5 
I II I I 
— N-S-C=CH , or 



R^O r1 R^ 
I II I I 
— N-P-C=CH 

OR-^ 
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15 



In another preferred embodiment of the compounds 



In another preferred embodiment of the compounds 

of Formula I, Y is -D-E-F and X is -O (CK2) n""*^^P^oliric> 

In another preferred embodiment of the compounds 

of Formula I, is carboxy, (Cj^-Cg alkyl ) oxycarbonyl 
or Cj^-Cg alkyl . 

In another preferred embodiment of the compounds 

of Formula I, Y is -D-E-F and X is -O (CH2) ^"^orpholino . 

In another preferred embodiment of the compounds 

of Formula I, Y is -D-E-F and X is -O- {CH2) N-j_ - 
piperazinyl [N^- (Cj-C^) alkyl] . 

In another preferred embodiment of the compounds 

of Formula I, Y is -D-E-F "and X is -O- {CH2 ) j^- imidazoyl 

In another embodiment, the present invention 
provides compounds having the Formula II 



of 



Formula I, is hydrogen. 



HN iCH)^ 

Q 




II 
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wherein Q is 





10 





or N 



15 



20 



25 



p is 0 or 1; 

X xs -D^E-F, and Y is -SR^ -OR^ ->NHr3 or hydrogen, or 
X is -SR^ -OR^ -nhr3 or hydrogen, 



and Y is 



-D-E-F; 



D is 



H H H H 



H 



H U tJ TT 



-C— O- , 



H H H 



-0-(j:-, -s-(j:-, or absent; 

H H 



0 o 

1 I 

30 E is -C-, -S- 

II 

O 



or -S-; 



OR' 



35 



r1r5 



F is -c=<j:, -c=c-r5, or -C=C=(j:; 

H H 
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0 O 

1 u 

provided that when E is -S- or -S-, D is not 

II 

O 



r 



b2 



-iji-<j:-. or -0(j:; 

10 H H H 

R-^ is hydrogen, halogen, or C^^-Cg alkyl; 

, R-^, and r"^ are independently hydrogen, C^^-Cg alkyl, 

- (CK2 ) ^-N;L-piperazinyl [N4- (C^-Cg ) alkyl] , 
15 - (CH2 )n-N-pyrrolidyl, - (CH2 ) ^-Pyr idinyl , 

- (CH2 ) j^-N'-imidazoyl , - {CH2 ) j^- imidazoyl , 

" ) p^-M-morpholino, - (<^H2 ) p~N- thiomorpholino , 

- (CH2 ) j^-N-hexahydroazepine or substituted C^-C^ 
alkyi, wherein the substituents are selected from 

20 ^ 

-OH, -NH2 , or ~N-B, A and B are independently 
hydrogen, Ci^-C^ alkyl, -(CH2)j^0H, 

25 - (CH2 ) j^-N^^-piperazinyl (C-^-Cg ) alkyl] , 

- (CH2 ) n-N-pyrrolidyl , - (CH2 ) ^^-N-pyr idyl , 

- (CH2 ) fj-imidazoyl, or - {CH2 ) ^-N- imidazoyl ; 

E^, E^, and E-^ are independently halogen, C-^-Cg alkyl, 
C3-C3 cycloalkyl, Ci^C^ alkoxy, C3-C3 cycloalkoxy, 

30 nitro, C^^-Cg perf luoroalkyl , hydroxy, C^-Cg 

acyloxy, -NH2 . -NHiC-^-C^ alkyl), -NiC^-C^ alkyl) 3, 
-NH{C3-Cq cycloalkyl), -^{03-03 cycloalkyl ) 2 , 
hydroxymethyl , C^-C^ acyl , cyano, azido, C^-Cg 
thioalkyl, C^-C^ sul f inylalkyl , C^-C^ 

35 sulf onylalkyl , 03-03 thiocycloalkyl , C3-C3 

sulf inylcycloalkyl , C3-C3 sulf onylcycloalkyl , 
mercapto, C^-Cg alkoxycarbonyl , C3-C3 
cycloalkoxycarbonyl, C2-C4 alkenyl, C4-C3 
cycloalkenyl, or C2-C4 alkynyl; 
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is hydrogen, halogen, -Cg-perf luoroalkyl , 
l,l-difluoro{Ci-C6)alkyl, c, -Cg alkyl, 
- (CH2 ) n-N-piper idinyl , - ( CH^ ) ^ -piperaz iny 1 , 

^C«2 ) n-piperazinyl [N^ - (C;^ -Cg ) alkyl ] , 
- (CH2 ) n-N-pyrrolidyl , - iCH^ ) ^-pyridinyl , 
- (CH2 ) n-N-imidazoyl , - (CH2 ) .^-N-morpholino, 
^^"2 ' n'^'thioinorpholino, -(j:=CH2 , 



-CH=CH- (Ci-Cg ) alkyl , - (CH2 ) n-N-hexahydroazepine, 
-(CH2)„NH2.-(CH2)nNH{Ci-Cg alkyl), 
-(CH2)„N(Ci-C6 alkyl)2, "l-oxo (C -Cg ) alkyl 
carboxy, (C^ -Cg ) alkyloxycarbonyl , 
N-(Ci-Cg)alkylcarbamoyl, phenyl or substituted 
Phenyl, wherein the substituted phenyl can have 
from one to three substituents independently 
selected from z\ , or a monocyclic 

heteroaryl group, and each C^-Cg alkyl group can 
be substituted with -OH, -NH2 or -NAB, where A 
and B are as defined above, r6 ig hydrogen or 
C^-Cg alkyl; and 

n is 1 to 4, p is 0 and 1, and the pharmaceutically 
acceptable salts, esters, amides, and prodrugs 

thereof . 

In a preferred embodiment of the compounds of 
Formula II, and e2 are hydrogen, and is a 
halogen . 

in a more preferred embodiment of the compounds of 
Formula II, the halogen is bromine. 

In another more preferred embodiment of the 
compounds of Formula II, the bromine is located at the 
three or meta position of the phenyl ring. 

In another more preferred embodiment, E^ is 
hydrogen, is chlorine, and E^ is fluorine. 



wo 97/38983 



PCT/US97/05778 



-15- 

In another preferred embodiment of the compounds 
of Formula II, Q is 




10 



In another preferred embodiment of the compounds 
of Formula II, Q is 




15 In another preferred embodiment of the compounds 

of Formula II, Q is 



20 




25 



30 



In another preferred embodiment of the compounds 
of Formula II, Q is 



N 





In another preferred embodiment of the compounds 
of Formula II, X is 



r2 o 

35 I II I I 

— N-C-C=CH 
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In another preferred embodiment of the 
of Formula II, x is 



compounds 



0 r1 r5 
I II I I 

— N-S-C=CH 
II 
O 



In another embodiment, the present invention 
provides compounds having the Formula iii 



wherein Q is 



r 

HN (CH). 

Q 




III 




P is 0 or 1; 

X is -D-E-F, and Y is -SR^ , -OR^ _mwr3 >, ^ 

y . . r UK . NHR or hydrogen, or 

X IS -SR , -or4, -nhr3 or hydrogen, and y is 
-D-E-F; 



15 



30 
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r2 H r2 r2 r2 



r r 

D is -N-, -0-, -<j:-, -N N-, -N -cj: Ijl-, -<j: 

H H H H 



r2 |2 ^2 |2 

-n- -fT- -^T- 

10 H H H H H H 



0 0 O 

II II II 

E is -C- , -S-, 



or absent; 



or2 



R^R^ R 



' f 



20 F is -C=(j:, -C=C-R^, or -C=C=Cj:; 

H H 

O O 

25 ' II II 

provided that when E is -S- or D is not 



O 



r2 r2 



-IjJ-Cj:-, or -OCj:; 

H H H 

R-^ is hydrogen, halogen, or C^-C^ alkyl ; 
3 5 R^ , R-^ , and r"^ are independently hydrogen, C^^-Cg alkyl, 

- (CH2 ) j^-N-piperidinyl , - (CH2 ) j^-N-piperazinyl , 

- (CH2 ) j^-N;^'piperazinyl [N4- (C-^-C^ ) alkyl] , 

- (CH2 ) j^-N-pyrrolidyi, - (CH2 ) j^-pyr idinyl , 

- {CH2 ) ^-N-imidazoyl , - {CH2 ) ^^-imidazoyl , 

40 - (CH2 ) j^-M-morpholino, - (CH2 ) ^^-N- thiomorpholino , 

- (CH2 ) j^-N-hexahydroazepine or substituted C^-Cg 
alkyl, wherein the substituents are selected from 
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hvL""^" " ^ independently 

hydrogen, C,-Cg alkyl, -(CH^J^OH, 

- (CH ),-^-piperidinyl, - (CH^ , ,-r.-pip.„,,„^, ^ 

CH2 ^-N, -pxpera. inyl [N, - (c^ -C, ) alkyl J , 
■ ' - < ) ,-N-pyridyl , 

1 .'^"2)n--dazoyl, or - (CH^ ) ^-H-i.idazoyl ; 
' E and E are independently halogen, c -c, alkyl 
C3-C8 cycloalkyl, Cj-c. alkoxv r n 
nitro r n ^ ^iJcoxy, 03-03 cycloalkoxy, 

nitro, Cj-Cg perfluoroalkyl, hydroxy, c, -c. 

NH<C3-C3 oycloal^yl,, -„,C3-C3 cycloalkyl,, ' 
hydro.y™ethyl, c, -c, acyl , cyano, a^ido. c 'c. 
thioalkyl, Ci-C^ sulfinylalkyl. c, -c. ' 

sulfonylalkvl C->-r t-v, • •, -^6 

y aj.Kyx, C3-Cg thiocycloalkyl c^-c 

sulfinylcycloalkyl, c^-r i 

'^y-^- ^3 Cg sulfonylcycloalkvl 

mercapto, C^-Cg alkoxycarbonyl , c.-Cp 
cycloalkoxycarbonyl, c^-C, alkenyl, L-c, 
cycloalkenyl, or C2-C4 alkynyl; 
- hydrogen, halogen, -c^-perf luoroalkyl , 
l,l-d.fluoro(Ci-C6)alkyl, c,-C, alkyl, 
- (CH2 ) ^ -N-piperidinyl , - (CH^ ) ^-piperazinyl , 
- (CH2 ) n-pxperazinyl [N^ - (c^ -Cg ) alkyl ] 
- (CH2 ) „-N-pyrrolidyl , - ( CH2 ) ,-pyridinyl , 
- CH2 ) n-N-imidazoyl , - (CH^ ) ,-N-morpholino, 
''^"2^n-N-thiomorpholino, -9=CH2 , 



r5 



r 

-TchT!^' ' ' ~ ^'"^ ^ n"-H-hexahydroazepine. 
(CH2)nNH2,-(CH2)„NH(Ci-C6 alkyl), 

-(CH2)„N(Ci-C6 alkyl, 2, -1-oxo (C^ -C, ) alkyl , 

carboxy , (Cj -Cg ) alkyloxycarbonyl , 
N-(Ci-Cg)alkylcarbamoyl, phenyl or substituted 
Phenyl, wherein the substituted phenyl can have 
from one to three substituents independently - 
selected from zK z2 , ^3 ^ n^onocyclic 
heteroaryl group, and each C,-Cg alkyl group can 
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be substituted with -OH, -NH2 or -NAB, where A 

and B are as defined above, is hydrogen or 

C-^-Cg alkyl; and 
n is 1 to 4, and the pharmaceutically acceptable salts, 
5 esters, amides, and prodrugs thereof. 

In another preferred embodiment of the compounds 
of Formula III, Q is 



10 




In another preferred embodiment of the compounds 
15 of Formula III, Q is 



20 




In another preferred embodiment of the compounds 
of Formula III, X is 

I II I I 

— N~C-C=CH 

In another preferred embodiment of the compounds 
of Formula III, E-^ and are hydrogen and E"^ is 
30 bromine. 

In another preferred embodiment of the compounds 
of Formula III, E-^ is hydrogen, E^ is chlorine, and 
E-^ is fluorine. 
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m another preferred embodiment of fh^ 
of Formula in, x is compounds 

r2 0 r1 r5 
I II I f 
— N-C-C=CH 

In another preferred embodiment, Q is a 
6-sub3t.tuted ben.othienor3,2-dJpy..i.l,,^ 
The present invention also provides a ' 
pharmaceutically acceDtabl^ o • 

y aecepcable composition that- 
a compound of Formula I, u, ^r in ^on^Prises 

The present invention ^ic^ 
treating cancer fh T P'^°^i<i^= » method of 

a patient .^i^ z:rT:cr:"'^ ^^^^-'-^ - 

ine present invention ;=iic^ 
treating or P«ve„..„/:::,:: J-^fl JJ"-- ^ 
comprising administer -i . « ' cne method 

or at ri3. of .^Z^Z^^^'^":: ''^'"^ — 
e«eot.e a_. of a ..^^^TT' 

The present invention ^i^^ 
^v^=^■ "vention also provides a method of 

treatxng psoriasis, the method comprisina aZ 
.o a a,,,„, — psoriasis a thLa^u . a^r^"""^ 
e.fect.ve amount of a compound of Formula I. n, 

The present invention ;=»i^^ 
treating atherosoleroLs eH^ " """''"^ °^ 

attainiatering to a pa"ie„t ha " -^^i^-^ 
therapeutically effectC l-o.is a 

The present invention ^i^^ 

treating endometriosis "he '11°" ' """"^ 

. . ■^'^i>is, tile method comprisino 

ad..n.steri„g to a patient having endoLtrros.s a 

therapeutically effect -^-Lt^sxs a 

formula I, 11, 0^x11 ' °' 



wo 97/38983 



PCTAJS97/05778 



-21- 

The present invention also provides a method of 
irreversibly inhibiting tyrosine kinases, the method 
comprising administering to a patient in need of 
tyrosine kinase inhibition a tyrosine kinase inhibiting 
amount of a compound of Formula I, II or III. 

The present invention provides the following 
compounds : 

N- [4- (3-Bromo-phenylamino) -pyrido[4 , 3-d] - 
pyrimidin-7-yl] -N- ( 3 -morpholin-4 ~yl -propyl ) -acrylamide; 

N- [4- (3-Bromo-phenylamino) -pyrido[3 , 4-d] - 
pyrimidin-6-yl] -N- ( 3 -morpholin-4 -yl-propyl ) -acrylamide; 

N- [ 4 - (3-Bromo-phenylamino) -ciuinazolin-7-yl ] - 
acrylamide ; 

N- ( 4 - [ ( 3-Bromophenyl ) amino] quinazolin-7 -yl ] - 
N- [3-morpholinopropyl] acrylamide; 

3- [4- (3-Bromo-phenylamino) -quina2olin-7 -yl- 
carbamoyl] -acrylic acid; 

3- [4- (3-Bromo-phenylamino) -Cfuinazolin-7-yl- 
carbamoyl ] -acrylic acid ethyl ester; 

But-2-enoic acid [4- ( 3 -bromo-phenylamino ) - 
quinazolin-7-yl ] -amide; 

N- [4- (3-Bromo-phenylamino) -6- ( 3 -morpholin-4 -yl- 
propylamino ) -quinazolin-7-yl ] -acrylamide ; 

N- [4- [ (3-Bromophenyl ) amino] quinazolin-6-yl ] - 
acrylamide ; 

N- [4- (3-Methyl-phenylamino) -quinazolin-7 -yl ] - 
acrylamide; 

N- [ 4- (3-Chloro-phenylamino) -quinazolin-7-yl ] - 
acrylamide ; 

N- [4- (3- Bromo-phenylamino) -quinazolin-7 -yl] - 
methacrylamide ; 

N- [4- (3-Bromo-phenylamino) -quinazolin-7-yl ] - 
e theny Isul f onamide ; 

N- [4- t (3-Chlorophenyl) aminoJquinazolin-6-yl] - 
acrylamide; 
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N~ [ 4 < [ ( 3 -Me thylphenyl ) amino ] quinazolin- 6.yl ] - 
acrylamide; 

N- [ 4 - r ( 3 -Bromopheny 1 , amino J - 7 - f 3 - ( 4 -morphol ino ) - 
propoxy]quinazolin-6-yl] acrylamide; 

.roJ'l''' --ino3 -7- [3- (4-morphol.no) - 

propoxy)quxna2olin-6-yl]acrylamide; 

^-f^-f^3-Methylphenyl,amino]-7-[3-(4,N-xnet:hyl- 

l,N-p.peraz.no,propoxy]c^inazolin-6-ylJacryWde; 

^-f^-t^3-^^°^ophenyl,an,ino]-7-[3-(4,N-mathyl- 

l,t.-pxperazino)propoxy]guinazolin-6-yl]acrylamide; 

N- [ 4 - [ ( 3 -Bromopheny 1 ) amino ] - 7 - f 3 - ( 1 , n- imidazyl ) - 

propoxy]quina2olin-6-yl]acrylamide; 

N-f4-f(3-Bromophenyl)amino]-7-[4-(M,N-dimethyl- 
amxno)butoxy]guina20lin-6-yl]acrylamide; 

N- [ 4 - [ ( 3 -Bromophenyl ) amino ] quinazol in-6 -yl J -n- 
[ 3 -morpholinopropyl ] acrylamide ; 

N- [ 4 - [ ( 3 - Bromophenyl ) amino ] cjuinazolin- 6-yl ] - 
me t hac ry 1 amide ; 

N- [4- (3-Bromo-phenylamino) -guinazolin-7-yll - 
ethenylsulf onamide ; 

N- f 4 - [ ( 3 -Bromophenyl ) amino ] quinazol in- 6-yl ] -E-bu t - 
2-enamide; 

N- [ 4 - [ ( 3 -Bromopheny 1 ) amino ] quinazolin- 6 -y 1 ] - 
4.4,4-trifluoro-E-but-2-enamide; 

N- [ 4 - [ ( 3 -Bromophenyl ) amino ] quinazol in-6 - 
y 1 ] propynamide ; 

N- [ 4- [ ( 3 -Bromophenyl ) amino J quinazolin-6-yl ] but- 
2-ynamide; 

N-[4-(3-Bromo-phenylamino) -pyrido [4 , 3 -djpyrimidin- 
^ -yl J -acrylamide ; 

'^-t<»-f3-Bromo-phenylamino)-pyridot3,4-d]pyrimidin- 
b-yl J -acrylamxde ; 

N- [ 4 - ( 3 -Me thyl -pheny lamino ) -pyr ido [ 3 , 4 -d] - 
pyrimidin- 6-yl] -acrylamide; 
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N- (4 - ( 3 -Bromo-phenylamino) -pyrido [3,4 -dl pyrimidin- 
6-yl] -N-mer-hyl acrylamide; 

N- [4 - { 3 -Bromo-phenylamino) -pyrido [3,4 -d] pyrimidin- 
6-yl] -methacrylamide ; 

N- [4 - (3 -Bromo-phenylamino) -pyrido [3,4 -d] pyrimidin- 
6-yl] -ethenyisulf onamide ; 

N- [4- (3 -Bromo-phenylamino) -pyrido [3 , 2 -d) pyrimidin- 
6-yl] -acrylamide; 

N- [4 - (3 -Bromo-phenylamino) -benzo [b] thieno [3 , 2-d] 
pyrimidin- 8 -yl] acrylamide; 

N- [4 - (3 -Bromo-phenylamino) -benzo [b] thieno [3 , 2-d] 
pyrimidin- 6 -yl] acrylamide; 

N- [4 - ( 3 -Bromo-phenylamino) -benzo [b] thieno [3 , 2-d] 
pyrimidin-7-yl] acrylamide; 

N- [4- [ (3-Bromophenyl) amino] quinazolin- 6 -yl] buta- 
2 , 3-dienamide ; 

N- [4- [ (3-Bromophenyl) amino] quinazolin-6-yl] -E, 4- 
oxopent - 2 - enamide ; 

N- [4- [ ( 3 - Bromopheny 1 ) amino] quinazol in- 6 -yl ] -£,4- 
ethoxy-4 -oxobut - 2 -enamide ; 

N- [4 - (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin - 
6 -yl] pent a -2,4 -dienamide ; 

N- [4 - (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 

5- yl] -N- (2- (N, N-dimethylamino) ethyl ) acrylamide ; 

N- [4- (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 

6- yl] E-but- 2 -enamide; 

N- (4 - (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 
6-yl] cinnamide; 

N- [4 - (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 
6 -yl] -E, 3 - chloroacrylamide ; 

N- [4 - ( 3 -Bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 
6-yl] -propynamide ; 

N- [4 - [ (3-Bromophenyl) amino] quinazolin- 6 -yl] -E, 4 - 
(3 - (N, N- dimethylamino) propoxy-4 -oxobut -2-enamide tris 
trif luoroacetate ; 
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3 - f 4 - ( 3 -Bromo-pheny lamino ) -quinasolin- 6 - 
ylcarbamoyl] -acrylic acid (z) ; 

(3MN^Ka..ethyIa.ino)propyia..no-4-oxobut-2-enLde; 

4- [ (3-Bromo-phenyl,amino] -6- (ethenesulfonyl, - 
pyrido[3, 4-d]pyriinidine; 

Pvriao^rf ' • -ino, -P-ethenyl- 

methoxy-quinazolin-e-yl ester; 

N-f4-{3-Bromo-phenylamino)-7-(3-morpholin-4-yl- 

propoxy)-pyrido(3,2-dJpyri.idxn-6-yl,-acryl a.ide; 

Fenta-2 , 3-dienoic acid { a { -i v. 
quina.olin-6-yl3 -a.ide; ^ ' ^ P^-ylamino ) - 

Phenylammo) -quinazolin-6-yl] -amide- 

Methyl N- 1 4 - [ ( 3 -bromophenyl ) amino] -6- 

quxna.olinyl] -P- a, 2-propadianyl)phosphonamidate; 

N- [ 1 - ( 3 -Bromo-phenylamino ) -9H-2 , 4 , 9- triaza- 
f luoren- 7 -y 1 ] -acrylamide ; 

N- [ 4- (3 -Bromo-phenylamino) -9H-1 , 3 , 9-tria2a- 
f luoren-6-yl ] -acrylamide ; 

N- {4-Phenylmethylamino-quinazolin-6-yl ) - 
acrylamide ; 



wo 97/38983 



PCT/US97/05778 



-25- 

(S) -N- (4- ( 1-Phenyl-ethylamino) -quinazolin-6-yl ] - 
acrylamide; 

(R) -N- ( 4- ( l-Phenyi-ethylamino) -quinazolin-6-yl ] - 
acrylamide; 

But-2-enedioic acid [4- (3-chloro-4-f luoro- 
phenylamino) -quinazolin-S-yl ] -amide ( 3-dimethylamino- 
propyl ) -amide ; 

N- [4- (3-Chloro-4-f luoro-phenylamino) -pyrido[3, 4-d] 
pyr imidin-6-yl ] -acrylamide ; 

M- [4- ( 3 -Chloro-4 - f luoro-phenylamino ) -pyrido 
[3 , 4-d] pyr imidin-6-y 1 ] -N-methyl-acrylamide; 

But-2-enedioic acid f 4- { 3-chloro-4-f luoro- 
phenylamino) -pyrido [ 3 , 4-d]pyrimidin-6-yl ] -amide 
( 3 -dimethylamino-propyl ) -amide ; 

But-2-enedioic acid [4- ( 3 -chioro-4-f luoro- 
phenylamino) -pyrido [3 , 4-d] pyrimidin-6-yl] -amide 
( 3 - imidazol-l-yl-propyl ) -amide; 

4 , 4-Dif luoro-8-morpholin-4 -yl-oct-2-enoic acid 
[ 4 - ( 3 -chloro-4- f luoro-phenylamino ) -pyrido [ 3 , 4-d] 
pyrimidin-6-yl ] -amide; 

8-Dimethylamino-4 , 4-dif luoro-oct-2 -enoic acid 
[4- ( 3 -chloro-4 - f luoro-phenylamino ) -pyrido [3 , 4-d] 
pyrimidin-6-yl ] -cimide; 

7-Dimethylamino-4 , 4-dif luoro-hept-2-enoic acid 
[4- ( 3 -chloro-4 -f luoro-phenylamino) -pyrido [3 , 4-d] 
pyr imidin-6-yl ] -amide; 

4, 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- ( 3-chloro-4-f luoro-phenylamino) -pyrido[3 , 4-d] 
pyrimidin-6-yl] -amide; 

6-Dimethylamino-hex-2 -ynoic acid [ 4- ( 3 -chloro-4 - 
f luoro-phenylamino ) -pyrido (3 , 4-d]pyrimidin-6-yl] -amide ; 

6- Morpholin-4-yl-hex-2-ynoic acid [4- ( 3-chloro-4- 
f luoro-phenylamino ) -pyrido [3 , 4-d]pyrimidin-6-yl] -amide ; 

7- Dimethylamino-hept-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino) -pyrido (3 , 4-d]pyrimidin-6-yl ] -amide ; 
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5-Dim=ehylamino-penc-2-ynoic acid 14-, i . 

fiuo.o :r'r'"""'"^^""^-^"°- ^^^^ m-o-c^.:! :: 

5-I..ciazol-l-yi-pent-2-ynoic acid ^-(3-^ 0^ 

5 (4-Methyl-p.perazin-l-yi-pent-2-ynoic acid 

[4-(3-chloro-4-fluoro-phenylamino,-pyrido[3,4-d] 
pyrimadin-6-yl] -amide; 

^-f^-<3-Chloro-4-fluoro-phenylamino)-pyridor3 4 d, 
pyr...din-6-ylca..a.oyl,-...-3.enoic ac.d l-^^Zl^,^.' 
Piperazin-l-yl) -ethyl ester; methyl 

^-[^-(^-Chloro-4-fluoro-phenylamino)-pyrido[3 4-dl 
x-yi ) -ethyl escer ; 

ohen ^'^''-'-^^^^^^^^ ^-n4-(3-chloro-4-fluoro- 
Phenylam.no) -pyrido [3 , 4 -d] pyrin,idin-6-yl ] -amide) 5- f (3 
morpholin-4-yl-propyl) -amide]; ^ 
Pent-2-enedioic acid 1- ( [4- (3-chloro-4-f luoro- 

phenylamino)-pyrido[3,4-d)pyrimidin-6-yl3-amide) 5-f(3- 
diethylamino-propyl ) -amide] ; 

^-f^-f3-Chloro-4-fluoro-phenylamxno)-pyridor3 4 dl 

py..midin S-ylca..amoyl]-...-3-enoic acid ^L.:::,:;!^ 
^-yi-etnyl ester; 

Pent-2-eneciioic acid l-fra-^^ >, ^, 

phenylam.no)-pyridoP,4-d]py.i.idin-6-yl]-amide, 5-(f3- 
4 -me thy 1 -pxperaz in - 1 -y 1 ) -propyl ] -amide ) • 

(3-Chloro-4-fluoro-phenyl,-{6-f2-(3-dimethylamino- 
propoxy)-ethenesulfonyl]-pyridor3 4 Hi^ • ^^^^^^^^ 
amine; P^^^^o [3 , 4-d]pyrimidin-4-yl) - 

( 3 -Chloro -4 - f luoro-pheny 1 ) - ( 6 - { 2 - [ 4 - ( 4 -me thyl - 
P^perazin-l-yl) -butylamino] -ethenesulfonyl}- 
pyrido[3,4-d]pyrimidin-4-yl) -amine; 
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(3-Chloro-4-fluoro-phenyl) - [6- ( 5-morpholin-4-yl- 
pent-l-ene-l-sulf onyl ) -pyrido [ 3 , 4-d] pyrimidin-4~yl ] - 
amine ; 

(3-Chloro-4-f luoro-phenyl ) - ( 6-ethenesulf inyl- 
pyrido ( 3 , 4-d] pyrimidin-4-yl ] -amine ; 

3- [4 - ( l-Phenyl-ethylamino) -quinazolin-6- 
ylcarbamoyl ] -acrylic acid 2 -morpholin-4-yl-ethyl ester ; 

Bu t-2-enedioic acid { 4-imidazol-l-yl-butyi) -amide 
( 4- { 1-phenyl-ethylamino) -quinazoiin- 6-yl ] -amide; 

4- [4 - ( 1-Phenyl-ethyiamino ) -quinazolin-6- 
ylcarbamoyl] -but-3-enoic acid 3 -die thylamino-propyl 
ester; 

Pent-2-enedioic acid 5-{ [2- (4-methyl-pipera2in-l- 
yl) -ethyl] -amide} 1- { [4- (1-phenyl-ethylamino) - 
quinazolin-6-yl] -amide} ; 

4 , 4-Dif luoro-7 -morpholin-4-yl-hept-2-enoic acid 
( 4 - ( 1-phenyl-ethylamino ) -quinazolin-6 -yl ] -amide ; 

7 -Dimethyl amino- 4 , 4-dif luoro-hept-2-enoic acid 
[ 4 - { 1-phenyl-ethylamino ) -quinazolin- 6 -yl ] -amide ; 

7- Imidazol-l-yl-hept-2-ynoic acid [4- (1-phenyl- 
ethylamino) -quinazolin-6-yl] -amide; 

6-Dimethylamino-hex-2-ynoic acid [4- { 1-phenyl- 
ethylamino) -C[uinazolin-6-yl ] -amide; 

But-2-enedioic acid [4- (3-bromo-phenylamino) - 
pyrido[3 , 4-d] pyrimidin-6-yl ] -amide ( 3 -dimethylamino- 
propyl) -amide; 

But-2-enedioic acid [ 4- {3-bromo-phenylamino) - 
pyrido [3 , 4-d] pyrimidin-6-yl ] -amide ( 3-imidazol-l-yl- 
propy 1 ) -amide ; 

4 , 4-Dif luoro-8-morpholin-4-yl-oct-2-enoic acid 
[ 4 - ( 3 -bromo-phenylamino) -pyrido [3,4 -d]pyr imidin-6-yl ] - 
amide ; 

8- Dimethylamino-4 , 4-dif luoro-oct-2-enoic acid 

[4 - ( 3 -bromo-phenylamino ) -pyrido [3, 4-d] pyrimidin-6-yl] - 
5umide ; 
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^-^i--thylamino-4,4-difluoro-hepc-2-enoic acid 

[4-(3-bromo-phenylamino)-pyridof3 4 rii,. - 
amide; ^^^^^^ t ^ , 4-dJ pyrimidan-6-yl ] - 



4.4-Difluoro-7-morpholin-4-yl-heDt-P • 
ra f-i , "^pt-^-enoic acid 

[4-(3-bromo-phenylamino)-pyridor3 4 Hir, • ... 
amide; ^^^^^^f^ ' 4-d]pyrimidin-6-yl] - 

6-Dimethylamino-hex-2-ynoic acid [4 k 
phenylamino)-pyridor3 4 rli/ • ^ f4-(3-bromo- 
^ M u ^ -amide; 

6- Morpholin-4-yl-hex-?-^rr,^,- „ 

7- DimethYl»„i„o-hept-2-y„oi<: acid «l-(3-brom„ 

5-Dimethylamino-pe„t-2-y„oic acid [a-o-broco 

1. . acid [4-(3-broi7io 

Phe„yl.„i„c,-py.idc,3,,.a,pyri.idi„-6.yi;.a,lLe 

i yx pent-2-ynoic acid f 4- n-Hr-^rr,^ 
Phe„.i.„i„.,.,,,,,„,3,,_,,^^^^^^^^_^_^_^;^_^^^-o- 

5-(4-Methyl-piperazin-l-yl)_nen^-7 ■ 
r4_/T Penc-2-ynoic acid 

Ille ""'"""^^ -Pyrido [3 , 4-d]py.in,idi„.6.^,3 - 

P^enylamino)-pyrido[3,4-d]pyrimidin- 
6-ylcarbamoyl]-but-3-enoic acid 2- (4 „,^^>, , ^"'idin 
1-yl) -ethyl ester; < ^-'nethyl-p.perazin- 

'-^'-^'-^^°---Ph^-yla-ino)-pyrido[3,4-d]pyrimidin- 
6-yicarbamoyi3-but-3-enoic acid 2-imidazoI-l-yr.et:yT 

pyrid!?r:'7"^'°'' ""'^ ^-^t^-(3-bromo-phenylamino,- 
pyr.do[3 . 4-d]pyr.mxdin-6-yl] -amide) 5- f (3-morpholin- 
4-yl-propyl) -amide] ; 

Pent-2-enedioic acid l-ffd-^T 
Dvrir^r^r7 A • . ' ^ ^ "< ^ -^^^0"»o -phenyl amino ) - 
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4 - [4 - { 3-Bromo-phenylainino) -pyrido [3 , 4-dlpyrimidin- 
6-ylcarbamoyl] -but-3-enoic acid 2-morpholin-4-yl-ethyl 
ester ; 

Pent-2-enedioic acid 1- { [4 - {3-bromo-phenylainino ) - 
pyrido [3 , 4-d] pyrimidin-6-yl ] -amide) 5- { [3- ( 4-methyl- 
piperazin-l-yl) -propyl) -amide) ; 

( 3 -Bromo-phenyl ) - ( 6- ( 2 - ( 3 -dime thy lamino-propoxy ) - 
ethenesul f onyl ] -pyrido [3,4 -d] pyrimidin-4-yl } -amine ; 

( 3 -Bromo-phenyl) - (6- {2-- [4- { 4-methyl-piperazin-l- 
yl ) -butylamino] -ethenesulf onyl ) -pyrido [3 , 4-d]pyrimidin- 
4-yl) -amine; 

( 3 -Bromo-phenyl ) - [ 6- ( 5-morpholin-4-yl-pent-l-ene- 
1-sulf onyl ) -pyrido [3 , 4-d] pyrimidin-4-yl ] -amine ; 

(3 -Bromo-phenyl ) - { 6-ethenesulf inyl-pyr ido [3 , 4-d] 
pyrimidin-4-yl ) -amine; 

But-2-enedioic acid [4- (3-chloro-4-f luoro- 
phenylamino) -quinazolin-6-yi ] -amide ( 3 -dimethylamino- 
propyl ) - amide; 

But-2 -enedioic acid [4- ( 3 -chloro-4 - f luoro- 
phenylamino) -quinazolin-6-yl ] -amide (3-imidazol-l-yl- 
propyl ) -amide ; 

4, 4 -Dif luoro-8-morpholin-4-yl-oct-2-enoic acid 
[4- (3-chloro-4-f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

8-Dimethylamino-4 , 4-dif luoro-oct-2-enoic acid 
[4- ( 3-chloro-4-f luoro-phenylamino) -cjuinazolin-6-yl ] - 
amide ; 

7-Dimethylamino-4 , 4-dif luoro-hept-2-enoic acid 
[4- ( 3 -chloro-4-f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- ( 3 -chloro-4-f luoro-phenylamino) -quina2olin-6-yl ) - 
amide ; 

6-Dimethylamino-hex-2 -ynoic acid [4- {3-chloro-4- 
f luoro-phenylamino) -quina2olin-6-yl] -amide ; 
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6-Morpholin-4-yl-hex-:> • 

'-Dimethylan,ino-hept-2-ynoic acid r 4 - ( 3-chl=ro . 

7-Morpholin-4-yi-heDt-p ,rr,^^ 
^-1 "<=pt---^-ynoic acid f4-r-^ ^i-ii-^ 

Phenylamino) -quinazolin-S-yl] -amide; 
pnenylamxno) -quxnazolin-S-yl] -amide; 

5-(4-Methyl-piperazin-l-yl)-Denh 

Pent-2-enedioic acid 1^({a i-t u-. 

Phenylamino)-c^i.a.oIin-S-yl - ; 17^^°;;-^-^^— - 
4-yl-propyl, -amide]; ^ 5- [ ( 3 -morpholin- 

Pent-2-enedioic acid 1- { [4- (3-chloro-4-f luoro 
Phenylam.no)-guinazolin-6-ylJ-amide) 5- [(3- 
die thylamino -propyl) -amide] ; 

4-f4-{3-Chloro-4-fiuoT-r, r^K 
6-ylcarbamoyl] -but-3 enor "Quinazolin- 
ester; ^ ^ ^ -^-d 2-morpholin-4-yl-ethyl 

Pent-2-enedioic acid 1- { [4- (3-chloro-4-f luoro 
Phenylammo-ctuinazolin-e-yl] -amide) 5-{f3-(4 Zh, 
Pxperazin-l-yi)-propyi3.a„,ide,; ^-methyl- 

(3-Chloro-4-fluoro-phenvl) -ffi /i ^. 

{ 3 -Chlor o - 4 - f luor o -phenyl ) - ( 6 - { 2 - f 4 - { 4 -me thvl 

But-2-enedioic acid r4-n-Kr-r^m^ u 
auin^^^i • c l« (J oromo-phenylamino) - 

ylj amde <3-imidazol-l-yl-propyl,.a,„ide,. 
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4 , 4-Dif luoro-8-morpholin-4-yl-oct-2-enoic acid 
( 4 - ( 3 -bromo-phenylamino) -quinazolin-S-yi ] -amide ; 

8-Dimethylamino-4 , 4-dif luoro-oc t-2-enoic acid 
[4- ( 3-bromo-phenylamino) -quinazolin-5-yl ] -amide; 

7 -Dimethyl amino -4 , 4-dif luoro-hept-2-enoic acid 
[4- (3-bromo-phenylamino) -quinazolin-6-yl ] -amide; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- ( 3 -bromo-phenylcLmino) -quinazolin-6-y 1 ] -amide ; 

6 -Dimethylamino-hex-2-ynoic acid [4- (3-bromo- 
phenylamino ) -quinazolin-6-yl ] -amide ; 

6- Morpholin-4-yl-hex-2-ynoic acid [4- (3-bromo- 
phenylamino ) -quinazolin-6-yl ] -amide ; 

7- Dimethylamino-hept-2-ynoic acid [4- (3-bromo- 
phenylamino) -quinazolin-6-yl ] -amide; 

7-Morpholin-4-yl-hept-2 -ynoic acid 
[ 4- ( 3 -bromo-phenylamino) -quinazolin-6-yl ] -amide ; 

5 -Dime thy lamino-pent-2 -ynoic acid [4- (3-bromo- 
phenylamino) -quinazolin-6-yl ] -amide ; 

5-Morpholin-4-yl-pent-2-ynoic acid [4- ( 3 -bromo- 
phenylamino ) -quinazolin-6-yl ] -amide ; 

5-Imidazol-l-yl-pent-2-ynoic acid [4- (3-bromo- 
phenylamino ) -quinazolin-6-yl ] -amide ; 

5- { 4-Methyl-pipera2in-l-yl ) -pent-2-ynoic acid 
[4- (3-bromo-phenylamino) -quinazolin-6-yl ] -amide ; 

4- [4- (3 -Bromo-phenylamino) -quinazolin-6- 
ylcarbamoyl] -but-3-enoic acid 2- ( 4 -me thy 1- 
piperazin-l-yl ) -ethyl ester ; 

4 - [4 - (3-Bromc>-phenylamino) -quinazolin-6- 
ylcarbamoyl ] -but-3-enoic acid 2-imidazol-l-yl-ethyl 
ester ; 

Pent-2 -enedioic acid l-{ [ 4- ( 3-bromo-phenylamino ) - 
quinazolin-6-yl] -amide} 5- [ { 3 -morpholin-4-yl-propyl ) - 
amide] ; 

Pent- 2 -enedioic acid l-{ [4- (3-bromo-phenylamino) - 
quinazolin-6-yl ] -amide) 5- [ (3-diethylamino-propyl) - 
amide] ; 
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4. f 4- n-Bromo^phenyiamino) -quinazolin-e- 
ester; ' ' ^^^^ 2-morpholin-4-yl -ethyl 

Pent-2-enedioic acid l-ffzi /-^ v. 

e-y.=a..a.oy.,-a.^.,. Jrl:,!;^!--:--- 

amide; Pyriclo[3 , 4-dJpyrimxdxn-6-yl] - 

'3-[4-{l-Phenyl-ethylamino)-pyridon 4 r^i 

6-ylcarbamoylJ-but-3-enoic acid Hiethv; 

ester; ^^ethylamino-propyl 

Pent-2-enedioic acid 5-{[2-<a rr,^^u , 
l-yl)-eth^,^ 1 , , ^ l2-(4-methyl-plpera2in- 

yJ-/ = cnyi] -amxde) l-fr4-M r,»,«« i 
ovridor^ z, ^, . ^ «l-Phenyl-ethylamino)- 

Pyrido[3,4-d]pyrxmidin-6-yl] -amide); 

4,4-Difluoro-7-morpholin-4-yl-hept-2-eno-i. 
f /I / -1 1- ^ ^^'^i-'t- -^i-enoic acid 

7-Di,„ethyla™i„,-<,,4-di£luoro-hept-2-e„oi= acid 

[4-(l-phenyI-ethylaiiiino)-pyridor3 4 Hi„ ■ 
amide; ' ^ ■ 4-dJPYrimidin-6-yl ] - 

e..y.a.i„.,_id.i3.:!d^:x::L!:-;^ 

But-2-endic.ic acid t4-(3-chloro-4- 

(J aimethylaminopropyl) amide; 

But-2-endioic acid [7-chloro-4- (3-chloro-4- 

fluorophenylamino)guinazolin-6-yl]amide 
( 3 -dimethylaminopropyl ) amide ; 

N- [4- [3- (Bromophenyl) amino] -5-f luoro-7- f 3- ( 4- 

mcrpholino)propoxy]c^inazolin-6-yl3acrylamide; I'd 
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N- [4- [ (3- (Chloro-4-f luorophenyl) amino] -5-f luoro-7- 
( 1 , N-imidazoyl ) propoxy ] quinazolin-6-yl ] acrylamide . 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides compounds having 
the Formula I 



10 



15 




20 wherein X is -D-E-F, and Y is -SR^ , halogen, -OR"^ , 

-NHR^ , or hydrogen, or X is -SR^ , halogen, -OR^ , 
-NHR^, or hydrogen, and Y is -D-E-F; 



25 



30 



D is -N-, -O- 



• 1- 

H 

o2 



-N N- , -N- 



H H H H 



H H H 



•rr- rr- 

H 



-S-Cj:-, or absent; 
H 
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F is -C= 



-34- 

<j, -Csc-r5, or -C=c=r; 

H ' 

H 



provided that when E is 4- or 4- 



D is not 



r2 



r 



-y-y-. or -oc, 

H H „ 

{CH2)^-N-piperidinyl, -(CH > m ^ ^^^^Yl, 

(CH2)^-Ni-paperazinyirN,-(c r ^ , 
(CH2)^-N-pyrrolidyl, -fCH l 

(CH2)n-N-morpholino, -(CH.) -m • 
-rcH 1 M K ^ '^"2'n-W-thiomorpholino 

aZl T " """^""'^'"^ - substituted c, -cl 
-^1, w.a«.„ .ubstituents a.. seXectea 

t 

-OH, -NHo , or -M-t:i a 

^ "-^2 'n-in>ida2oyl, or - (CH \ at ■ • ^ 
^ 22 ^3 , , or ( CHj ) n-N-xniidazoyl ; 

al..„„ -»H,C3-C3\.c.JS,:r-r:c"""^-=^ 

^3 Cg thiocycloalkyl, 
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C3-C3 sulf inylcycloalkyl, C3-Cg sulf onylcyclo- 



alkyl, mercapto. 



C^-Cg alkoxycarbonyl , ^3-03 

Ca-Co 



cycloalkoxycarbonyl , C2-C4 alkenyl, 
cycloalkenyl, or C2-C4 alkynyl; 
5 is hydrogen, halogen, -C^-perf luoroalkyl , 

1 , 1-dif luoroCC^-Cg) alkyl, C;;^-C6 alkyl, 

- {CH2 ) ^-N-piper idinyl , - (CH2 ) ^^-piperazinyl , 
" (CH2 ) j^-piperazinyl [N^ - ( C;^ -C5 ) alky 1 ] , 

" (CH2 ) ^-N-pyrrolidyl, - (CH2 ) ^-pyr idinyl , 
10 - (CH2 ) ^-N-imidazoyl , - (CH2 ) j^-N-morpholino , 

- ( CH2 ) n"^"" thiomorpholino , -(j:=CH2 , 

H 

-CH=CH~ (C^^-C^ ) alkyl , - {CH2 ) j^~N-hexahydroazepine , 

15 ' (CH2) j^NH2, - (CH2)n^™<<^i-C6 ^l^Y^ > ' 

- (CH2 ) n^^(C;^-C5 alkyl)2. -1-oxo (Cn-Cg ) alkyl , 
carboxy , (C;^ -C5 ) alkyloxycarbonyl , 

N- (Cj^-C^ ) alkylcarbamoyl, phenyl or substituted 
phenyl, wherein the substituted phenyl can have 

20 from one to three substituents independently 

selected from Z-^, 2^, or a monocyclic 
heteroaryl group, and each C^-Cg alkyl group can 
be substituted with -OH, -NH2 or -NAB, where A 
and B are as defined above, is hydrogen or 

25 ^l'^6 al^yi' ^"^"^ hydrogen or halogen; and 

n is 1 CO 4, p is 0 or 1, and the pharmaceutically 
acceptable salts, esters, amides and prodrugs 
thereof . 

In another embodiment, present invention also 
3 0 provides compounds having the Formula II 



35 



HN- 
I 

Q 




II 
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P is 0 or 1; 

. is -o E-P ,„a V i. -SH^ -OR^ _»,„3 

hydrogen, or x is -SR^ ^^^4 t 

and Y is -D-E-F. ' ' ""^^^ °^ hydrogen, 



r2 



r ¥ ^2 ^2 



° - -0-, .^l, I T_^_^ 



f__f f f f 

"? Tf" ~°T' °^ -^--nt; 

" « H H ^ 



E is 



O 
II 



o 

II 
I 

o 



O 
I 

or -s- 



is -C=(j:, -c=c-r5, 



or 



-c=c= 



V 



H 
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O O 

II fl 

provided that when E is -S- or -S-, D is not 



-Ijl-Cj:-, or -ocj:; 

10 H H H 

R-*- is hydrogen, halogen, or Ci^C^ alkyl; 

, R"^ , and are independently hydrogen, C^^-C^ alkyl, 

- {CH2 ) j^-N-piperidinyl , - (CH2 ) ^^-N-piperazinyi , 

- {CH2)n-N^-piperazinyl [N^ -( C3 -C5 ) alkyl ] , 
15 - {CH2 ) p-N-pyrrolidyl, - (CH2 ) j^-pyridinyl , 

- (CH2 ) j-^-N-imidazoy 1 , - (^^2 ^ n~ -^^^^^^^^^-^ ' 

- {CH2 ) j^-N-morpholino , - (CH2 ) ^-N~ thiomorpholino, 

- (CH2 ) p-N-hexahydroazepine or substituted C-^-C^ 
alkyl, wherein the substituents are selected from 

20 ^ 

-OH, ~NH2, or -N-B, A and B are independently 
hydrogen, C-L-C5 alkyl, -(CH2)j^OH, 

- (CH2 ) ^-N-piperidinyl , - (CH2 ) j^-N-piperazinyl , 
2 5 - (CH2)n-N. -piperazinyl [N4- (Ci^-Cg ) alkyl] , 

- (CH2 ) n-N-pyrrolidyl , - (CH2 ) ^^-N-pyridyl , 

- (CH2 ) j^-imidazoyl , or - (CH2 ) ^-N-imidazoyl ; 

E-^, E , and E-^ are independently halogen, ^i^C^ alkyl, 
C3-Cg cycloalkyi, Cj^-Cg alkoxy, ^3*^3 cycloalkoxy, 

30 nitro, C^-C^ perf luoroalky 1 , hydroxy, C^-Cg 

acyloxy, -NH2 , -NH(Cj^-C5 alkyl), -N{C-^-C^ alkyl)2r 
-NH(C3-C3 cycloalkyi), -^^(C3-Cg cycloalkyi ) 2 , 
hydroxymethyl , C^^-Cg acyl , cyano, azido, C2-C^ 
thioalkyl, C^-Cg sulf inylalkyl , C^-Cg 

35 sulf onylalkyl , C3-C3 thiocycloalkyl , C3-Cg 

sulf inylcycloalkyl , C3 -C3 sulf onylcycloalkyl , 
mercapto, ^1"^^ alkoxycarbonyl , C3-Cg 
cycloalkoxycarbonyl , C2-C4 alkenyl, C^-Cq 
cycloalkenyl, or C2-C^ alkynyl; 
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R 



5 



ti-"2^n-N-iinida2oyl, - fCH i m 
(CH2)„-N-fchiomorpholino, -y-cH 



^2 

10 H 

-CH=CH-(Ci-C6)alkyl, -(PH 1 mi, 

y' C5)alkyloxycarbonyl 
m ^^l-^e^alkylcarbamoyl nhenvl -1 

^5 phenyl, wherein ^h \. substituted 

fro. one to :::ee f"^^^^"^^^ ^^^-^ can have 
selected Lo^ Tl'^'^^^^^ independently 

-teroaryl .roup! and ^0^0:.::"::^;^^ 

be substituted with -OH ^n. ^ ^""""^ '^^^ 

2^ and B are as d.f ^ "^^^^ A 

are as defined above r6 k ^ 
C,-c, alkyl; and " hydrogen or 

acc"ptabL^\xt:^ e'stel' ^'r-^"~i-^^V 
thereof. -<:i P-drugs 

In another embodiment, the present 
P-vides compounds having the PoL:: ,\r^^ 



e1 



30 



Q e3 



E 



2 



III 



HN 



^'^OOCIO: <WO 9738983AI. 
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wherein Q is 






, or Y 



/ 

NH 



p is 0 or 1; 

15 X is -D-E-F, and Y is -SR^ , -OR"^, -NHR^ or hydrogen, or 

X is -SR^, -OR^, -NHR^ or hydrogen, and Y is 



-D-E-F; 



20 



25 



D is -O- 



R^ H 



■ 1- 



H 



H H H H 



f r 



■N ^N- , -N- 



-0-C-, -S- 



H 



H H H 



or absent ; 



30 



E is -C- , -S-, or 
II 

O 



35 



40 



r1 r5 

F is -C=Cp, -CsC-R^, or -C=C=(j:/ 

H 



H 
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provided that when E is 4- or i n • 



■y-y-, or -0(j:; 



I 

o 



r1 

r2 



-fCH ^ M • '^"2 'n-N-piperazinvl 

'^"2'n-Wl-piperazinyirN,_,c n ^ , ^myl, 

(CH2)^-N-pyrrolidyl, - (CH ) ■ ^ • 

-/PH \ M • . '^"2'n-Pyridinyl, 

(CH2)„-N-imidazoyl, ~ (ru \ ■ 
_/CH ) M "-"2>n-imida2oyl, 

(CH2)^-N-inorpholino, -(ch ) m ^v, • 

•ll^yl. Wherein .he subrtiLe^sT ""^ 

^ scituents are selected from 

(CH2)n-N-piperidinyl, - (CH > m 
-(CH ) M • '™2>n-N-pipera2inyl 

<™2^n-Ni-pipera2inyl[N^_,C r ^^ . 
-(CH \ ^r IC-^-Cg alkyl)], 

(CH2) -N-pyrrolidyl - fCH > m 
-(CH > ■ '™2Jn~N-pyridyl, 

e2 and p3 . '^"2 > n-N-imxdazoyl ; 

, and E are independently halogen c r , 
^3-^8 cycloalkyl, c, -c alv ^^^^^ ' 

nitro, c,-c. oLfl ' ^^'"^S cycloalkoxy, 

' ^1 Cg perfluoroalkyl, hydroxy c. -c 
acyloxy, -NH(C,-c, alkyl) -^(c c 

-NH(C3-C8 cycloalkyl), -N(C c ' ' -^^yD^, 

hydroxyrnethyl c c ' T ' ' ^^^^^oalkyl , 2 , 

thioalkyl c c I ' ^1-^5 
iKyl, Ci-Cg sulfanylalkyl, c, -c. 

sulfonylalkyl c-,-r t-K- ^ 
^ ^3 thiocycloalkyl, c.-c 

sulfinylcycloalkyl C.-C ..1^ ^-^'^3^8 
mercapto, c, -c Tlk ' ^"^^ °"ylcycloalkyl , 

fi-u, Cg alkoxycarbonyl C-,-r 

oycloallcenyl, or c,-c, aliynyi, ' ' 
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is hydrogen, halogen, Cj^ -Cg-per f luoroalkyl , 
1, 1-dif luoro(Ci^-C5)alk:yl, ^i-Cq alkyl, 

- (CH2 ) j^-N-piperidinyl, - {CH2 ) ^-piperazinyl, 

- (CH2 ) p^-piperazinyl [N^- (C^-Cg) alkyl ] , 

5 - (CH2 ) p-N-pyrrolidyl, - (CH2 ) j^-pyr idinyl , 

- (CH2 ) j^-N-imidazoyl , - (CH2 ) j^-N-morpholino , 

- (CH2 ) n-N-thiomorpholino, -(j:=CH2 , 

H 

10 -CH=CH- (Cj^-Cg) alkyl, - (CH2 ) ^-I^-hexahydroazepine, 

-(CH2) j^NH2, -(CH2)r^MH(C3^-C5 alkyl) , 

- (CH2 )pN(C;L-C5 alkyl)2, - 1-oxo ( C;^ -Cg ) alkyl , 
carboxy , (C^-Cg ) alky loxycarbony 1 , 

N- ( C^^ -Cg ) alkylcarbamoyl , phenyl or substituted 
15 phenyl, wherein the substituted phenyl can have 

from one to three substituents independently 
selected from Z* , , or a monocyclic 

heteroaryl group, and each C;|^-Cg alkyl group can 
be substituted with -OH, -NH2 or -NAB, where A 
20 and B are as defined above, is hydrogen or 

C-^-C^ alkyl; and 
n is 1 to 4, and the pharmaceutically acceptable salts, 
esters, amides, and prodrugs thereof. 
The term "alkyl" means a straight or branched 
25 chain hydrocarbon. Representative examples of alkyl 

groups are methyl, ethyl, propyl, isopropyl, isobutyl, 
butyl, tert-butyl, sec-butyl, pentyl , and hexyl . 

The term "alkoxy" means an alkyl group attached to 
an oxygen atom. Representative examples of alkoxy 
30 groups include methoxy, ethoxy, tert-butoxy, propoxy, 

and i s obu t oxy . 

The term "halogen" includes chlorine, fluorine, 
bromine , and iodine . 

The term "alkenyl" means a branched or straight 
3 5 chain hydrocarbon having one or more carbon- carbon 

double bond . 
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The term "cycloalkyl means ^ o 
Examples of cycloalkvl ^"'^'"'^ hydrocarbon 

The term "cycloalkoxy mean= ' 
attached to an oxygen atol ' ^^-^oalkyl g.oup 

The term "perf luoroalkvl - 

fluorine atoms. replaced by 

The term "sn\7i r>,^ 

^cyi means a aronr^ - 

organic acid by removal of th! Th ^" 

The term "acyloxy" 1 ^"^^^ 
auyxoxy means an ^n^n ^ 

an oxygen atom. ^''^^P attached to 

The term " thioa i Vi^i 
to a sulfu. ""'"^^ "^-^ - -l-^Vl .ro.p attached 

The term "sulf invlalv^,! 
attached Co an al.^1 ^L^^'^' ' -"^"^1 ^roup 

The term " sulf onylalkvT ^ 
attached to an alkyl group " ^^^P 

The term " thiocycloalkyl - mean, 
attached to a sulfur atom. ^ cycloalkyl group 

The term "sulf inylcycloalk^,^.. 

The term "sulfonylcvc^ 1 1, i 
-="P a.eacea a cvc.rat; .t^*"^ ' 
The term ■„,ercapto" means a -SH oro 
The ter. -alkoxycarbonyl ■ „. 
attached to a carbonyl ^^.p '"^^ ^-"P 

The term "cycloalkoxycarbonvl ■ ,^ 
cycloalkyoxy ,„up attached to a carL f ' 

The term -cycloalkenyl means 
containing one or more c.rh "^""^ hydrocarbon 

The term -alCl . mea 
o^ ^ore carbon-carC\j:r,:„r'^°="'=- "avin, one 

heterlcy^Mc™:::""^'^"^ heteroaryi- mean a 

^yciic aryl compound havincr om^, ^ 
structure. The cvclir^ ^ "® ""^"^ 

xie cyclic confound is ^r-^.^^^ • 

AS aromatic and 
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con tains one or more heteroatom. Examples of 
heteroatoms include, but are not limited to, nitrogen, 
oxygen, sulfur, and phosphorus. Examples of monocyclic 
heteroaryl groups include, but are not limited to, 
pyridyl , thienyl , and imidazoyl . 

The symbol represents a covalent bond. 

The compounds of Formulas I, II, and III are 
irreversible inhibitors of tyrosine kinases, 
particularly EGF tyrosine kinase. A therapeutically 
effective amount of the compounds of Formula I, II, or 
III can be administered to a patient having cancer or a 
patient having restenosis or at risk of having 
restenosis or a patient having psoriasis, 
atherosclerosis, or endometriosis. Those skilled in 
the art are readily able to identify patients having 
cancer, restenosis, psoriasis, atherosclerosis, or 
endometriosis, and patients who are at risk of 
developing restenosis. The term "patient" means 
animals such as dogs, cats, cows, sheep, and also 
includes humans. 

The compounds of the present invention can 
be administered to humans and animals either orally, 
rectally , parenterally ( intravenously, intramuscularly 
or subcutaneously ) , intracisternally , intravaginally , 
intraperitoneally , intravesical ly, locally (powders , 
ointments, or drops), or as a buccal or nasal spray. 
The compounds can be administered alone or as part of a 
pharmaceutically acceptable composition that includes 
pharmaceutically acceptable excipients. It is noted 
that more than one compound of Formula I, II, III can 
be administered either concurrently or sequentially. 

Compositions suitable for parenteral injection may 
comprise physiologically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions or 
emulsions, and sterile powders for reconsti tution into 
sterile injectable solutions or dispersions. Examples 
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o£ suitable aqueous and nonam, 
solvents, o. vehicles ITZTT 

(propyleneglycol nolx,^^>, . "^^^e^- ethanol. polyols 

- oliv. oil, and injectable o ""^"""^^ <3uch 
«h.i oaeate. .m^""^ 
example, by the use of a ^ "-"ntained, £or 

the maintenanoe of the re^ 7 ^^'^itWn, by 

These compositions Zv Tl ^''-^•"ants , 

- e"::i -ch 

agents. Prevention of the ... "^^Pensing 

be ensured by various antibacceriar'a'^"""''""'"^ 
agents, for example oarahen . antifungal 
-rbic acid, and the ll Phenol, 

include isotonic agents, for exZl"'" ^° <^-"able to 
chloride, and the like J"'^''^-^^^ sugars, sodium 
injectable Pharmaceutrcal f! •'^--Pticn of the 

the use Of agents delayLVabT 

aluminum monostearate a'd "elal ' '"^'^ 

Solid dosage forms for or« i ■ • 

=apsules, tablets, pilis, powdeL tnd"'""°" 
such solid dosage forms, the ,« ''"""ies. m 

"ith at least one inert cu,f ""«>°und is admixed 

carrier) such as sod "'"'"""'^ excipient ,or 

- -a. fillers r eteX:"" 
lactose, sucrose, glucose m,"- 

<b) binders, as for exampie k"'' ''''''' ^^'^^ 

alignates, gelatin ^"'^-^ethylcellulose, 
acacia, .c'hultanrs 

disintegrating agents as f^''"^'" 
calcium carbonate, potato or ta ^^ar-agar, 
acid, certain complex siUcIt 
'a. solution retarded as ^ 

absorption accelerators as ^TL^rp"""" 
a-onium co^unds,- agenrrL for^-.T 
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cetyl alcohol and glycerol monostearate ; 

(h) adsorbents, as for example, kaolin and bentonite; 

and (i) lubricants, as for example, talc, calcium 

stearate, magnesium stearate, solid polyethylene 

glycols, sodium lauryl sulfate, or mixtures thereof. 

In the case of capsules, tablets, and pills, the dosage 

forms may also comprise buffering agents. 

Solid compositions of a similar type may also be 
employed as fillers in soft- and hard- filled gelatin 
capsules using such excipients as lactose or milk 
sugar, as well as high molecular weight polyethylene- 
glycols, and the like. 

Solid dosage forms such as tablets, dragees, 
capsules, pills, and granules can be prepared with 
coatings and shells, such as enteric coatings and 
others well-known in the art. They may contain 
opacifying agents, and can also be of such composition 
that they release the active compound or compounds in a 
certain part of the intestinal tract in a delayed 
manner. Examples of embedding compositions which can 
be used are polymeric substances and waxes. The active 
compounds can also be in micro-encapsulated form, if 
appropriate, with one or more of the above-mentioned 
excipients . 

Liquid dosage forms for oral administration 
include pharmaceutically acceptable emulsions, 
solutions, suspensions, syrups, and elixirs. In 
addition to the active compounds, the liquid dosage 
forms may contain inert diluents commonly used in the 
art, such as water or other solvents, solubilizing 
agents and emulsifiers, .as for example, ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol , 
1, 3-butyleneglycol, dimethyl formamide, oils, in 
particular, cottonseed oil, groundnut oil, corn germ 
oil, olive oil, castor oil and sesame oil, glycerol. 
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Besides such inert diluents ^v, 
also i„..„ae aa,uva„.., sue. : „e» Lrr^'""" 

flavoring, and perfuming agents. 

Suspensions, in addition tr. 
-ay contain suspending agen" as fo -""P-n^s, 
«ho.,lated isostear.1 aLohois pol 
sorbitol and sorbitan esters !' ""'^"''''^"■Vl-ne 
celluiose, aiu.r„u„ .eta^droj e"!™:-' 

Compositions for rectal administraf- ^ 
orfafo>- = Ki s era t. ions are 

preferably suppositories which r«o k 
mixinrr ^nich Can be prepared by 

mixing the compounds of the oresen- • • 
suitable non-irritating e.cipi;", 

::::: r::tiid-ro^T---°" - —rTir 

"-P^^at:rVa^:te^lorr:e^\'r tL-re^T^^ " 
vaginal cavity and release ^h • tectum or 

Do« / ^^-^^^se the active component. 

co^ound t'^intn:"^"" ad.inistrat.on o. a 

sp».s, and .nti::; 
at::t::r:a™"r 

Plants as ::^eZ~:- r^-^ - 

formulations, eye ointments, powders and sol 

also contemplated as being withinTJ' ^'^'^"^^^"^ 

invention. " ""^^ °f this 

The term "pharmaceutically acceptable salts 
esters, amides, and prodrugs- as u.Z ^ ^Z^^*^^' 
those carboxylate salts a!" "^^<^ herein refers to 

ester-. -7 "° ^"^^'^ addition salts 

esters, amides, and prodrugs of th^ ^ 
nr-o==.^^ "-tuys ot the Compounds of th«= 

present invention which are within 

i^e, within the scope of sound 
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medical judgement, suitable for use in contact with the 
tissues of patients without undue toxicity, irritation, 
allergic response, and the like, commensurate with a 
reasonable benefit/risk ratio, and effective for their 
intended use, as well as the zwitter ionic forms, where 
possible, of the compounds of the invention. The term 
"salts" refers to the relatively non- toxic, inorganic 
and organic acid addition salts of compounds of the 
present invention. These salts can be prepared in situ 
during the final isolation and purification of the 
compounds or by separately reacting the purified 
compound in its free base form with a suitable organic 
or inorganic acid and isolating the salt thus formed. 
Representative salts include the hydrobromide , 
hydrochloride, sulfate, bisulfate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, 
laurate, borate, benzoate, lactate, phosphate, 
tosylate, citrate, maleate, fumarate, succinate, 
tartrate, naphthylate, mesylate, glucoheptonate , 
lactobionate and laurylsulphonate salts, and the like. 
These may include cations based on the alkali and 
alkaline earth metals, such as sodium, lithium, 
potassium, calcium, magnesium, and the like, as well as 
non- toxic ammonium, quaternary ammonium, and amine 
cations including, but not limited to ammonium, 
tetramethy lammonium, tetraethylammonium, methylamine , 
dimethylamine , t rime thy 1 amine , triethylamine , 
ethylamine and the like (see, for example, S.M. Berge, 
et al . , "Pharmaceutical Salts," J Phajrm Scl, 
1977;66:1-19 which is incorporated herein by 
reference) . 

Examples of pharmaceut ically acceptable, non- toxic 
esters of the compounds of this invention include C^-C^ 
alkyl esters wherein the alkyl group is a straight or 
branched chain. Acceptable esters also include C5-C7 
cycloalkyl esters as well as arylalkyl esters such as. 
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but not limited to benzyl. c. -c . i v 
preferred. Kster. of the co.^ou^ds oft::"" 
invention .ay be prepared accordrng to co 
methods. ^oraing to conventional 

Examples of pharmaceutically acceotabi. 
amxdes of the compounds of this Lt T 
amides derived fron, invention include 

aerived from ammonia, primary c, -c. alt. i 
and secondary c,-c, dial.yi amines lereL the , 
.roups are straight or branched chain ,1 
secondary amines, the amine may also be in T 
a 5- or 6-membered he terocycle contain °' 
atom. Amides derived fror. ^^"'^^^"^ng one nitrogen 

uerivea from ammonia, c. ~r -, 
amines and C, -Co dialtwi ^ ^ ^ alkyl primary 

ccpouna Of the above ^or.uX.. Tol ^Tlfl T 

hydrolysis in blood. a thorouoh h ""^^^^ 

in T. „i^.ehi and v. StelL pi r="'='°" "'^^'^^^ 

-»v,ry sys.,^,.. vol. 1.", .t-fc": 

Series anrt i„ =• a.c.s. Symposium 

ies, and in Bzoreversible Carriers , n 
-d. Edward B. Roohe, A.„eri=,n pZ " 
^^aocia.ion and ^^r.^n lZ. IT^^TT 
incorporated herein by refere^^e °' 

-u. 0.1 to ab:« 1 oorm:; rc^or" --^^ 

hu^an adult havin. a body „ei,H: o.^^out , 

dosage m the rangs of about o 01 f„ k 

-logram of body „eight per day L u t" Z"" 

specific dosage used, however, can vary p" 

the dosage can depend on a nun^er erectors"':"!''' 

the requirements of the patient tZ I -^l-'ding 

condition being treated. ^and'C^e ZZZZllll 

-t.v.ty Of the compound being used, .he determination 
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of optimum dosages for a particular patient is well- 
known to those skilled in the art. 

The compounds of the present invention can exist 
in different stereoisometric forms by virtue of the 
presence of asymmetric centers in the compounds. It is 
contemplated that all stereoisometric forms of the 
compounds as well as mixtures thereof, including 
racemic mixtures, form part of this invention. 

In addition, the compounds of the present 
invention can exist in unsolvated as well as solvated 
forms with pharmaceutically acceptable solvents such as 
water, ethanol, and the like. In general, the solvated 
forms are considered equivalent to the unsolvated forms 
for the purposes of the present invention. 

It is intended that the compounds of Formula I, 
II, or III be either synthetically produced or 
biologically produced. 

The following examples illustrate particular 
embodiments of the invention and are not intended to 
limit the specification, including the claims, in any 
manner . 



GENERAL SYNTHETIC SCHEMES 

Amine-Linked Alkylating Michael Acceptor S idechains 
The amine is acylated either by an acid in the 
presence of a coupling agent such as EDAC, or by an 
acid chloride. The amine in turn can be made by 
reduction of the corresponding nitro compound, 
displacement of a halogen by an amine or ammonia 
equivalent, or in the case of pyrido [ 4 , 3 -djpyrimidines 
by direct incorporation during the synthesis. 
2-Haloalkylsulfonyl halides form vinyl sulfonamides 
when treated with the aryl amine and excess tertiary 
amine base . 
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O O 
V Ar 

N 

C/N means either a carbon or nitroaen «^ 

at that location. "xtrogen atom present 

--- means a bond or no bond. 

- the presence o. a coupling agent s:ch as Lie" 7\ 
an acid chloride t^v.^ u ^ EDAC, or by 

can .e .... .Tc.J^J'lTZ'::™ 
chlorxdes can be used to acylate hh. 
eximination . 
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N 



N 



HN 



O 




N 



N 



HN 



HN ^ HN 



10 Ar and R denote an aryl group and R denotes an organic 

group as exemplified herein. 

Carbon-Linked Alkylating Michael Acceptor Sidechains 

A Stille or Suzuki coupling can be used to couple 

15 the sidechain to an appropriately substituted 

quinazoline/pyridopyrimidine/pyrimidinopyrimidine/ 
tricycle. These in turn can be made as aryl halides by 
methods known in the art, or as aryl triflates by 
triflation of the hydroxyl compounds described above, 

20 as aryl stannanes by reaction of the abovement ioned 

triflates with hexamethyl distannane, or as arylboronic 
acids by conversion of aryl iodides to arylorgano- 
metallics, followed by treatment with borate esters and 
hydrolysis. Alternatively, aryl iodides can be 

25 converted to the arylzinc species and coupled with 

activated halides. 
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20 



25 



30 



35 



P.ri„,ai„op...„.ai„es can Z T.ZlZ r 
2-hydroxythiol«es, .nd th..a " . 
to sulfones, and then water II - 
"ith „esw Chloride and se"e«r"'"' 

activated halogen especiallv „ ^ ^''^ ^"''^'^ »" 
the .e^ence Ju.t descr ,o ^ " 

an ar.l iodide P.ecurLrc / I r: IL"-"""'- " 
"«h suUur or a ..itable sulfur elec^cl r" " 
progenitor and then the resultant r 
open a terminal epoxide, Th^vd"'" 

oxaaation and water elimina^^^ 

r elimination as described above. 
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Hvdrazino- Linked Alkylating Michael Accentor Sidechains 

Activated haiides in pyridopyrimidines and 
pyrimidinopyrimidines and appropriately substituted 

15 quinazolines can be displaced by a (N-alkyl) hydrazine. 

Alternatively, an amino-derivative of the desired ring 
nucleus can be diazotized, and then reduced to the 
hydrazine. The distal nitrogen of the hydrazine can 
then be acylated, sulfonylated or phosphoryla ted, by 

20 methods well-known to one skilled in the art. 
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derivative of the desired ^ "itro- 

svnt.e3i.ed, and tr:n r::.:::^^^: " 

under appropriate .ildly retina 

oxygen of the hydroxv, "^.^^"^^"^ condxtions. The 

nyaroxyl amine can th^n k<=. 
sulfonylated or phosphorylated bv 1 
to one Skilled in the art ^^^''^--^^ 



HN 



-Ar 



O9N 



F HN 



C/n; 




HORN HN 



-Ar 



N 



c/n; 

C/N 




N 



N 




O— N— I 7 




HN 



^Ar 



o N I Y 



O—NR HN 

C/N\^ ^ 
N 

0 0 

// .Ar 
R-'^-^S— O— NR HN 

C/N^Y^N 

C/Nn,^ J 
N 

Pxr.„.a.„opy„„..,„,, appropriately s„.stiltea 
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quinazolines can be displaced by cyanide, preferably in 
the presence of copper or nickel salt catalysis. 
Alternatively, an amino-der ivative of the desired ring 
nucleus can be diazotized, and then converted to the 
nitrile as described above. In some cases, the nitrile 
functionality can be incorporated into the heterocycle 
earlier in the synthesis, either as itself, or via a 
carboxylic acid or aldehyde, both of which can readily 
be turned into nitrile compounds by one skilled in the 
art. Reduction of the nitrile to a me thyleneamine is 
followed by nitrogen acylation, sulf onylation or 
phosphorylation, by methods well-known co one skilled 
in the art . 




Methvleneoxv-O-Linked Alkylating Michael Acceptor 
Sidechains 

Hydroxyme thyl compounds can be incorporated into 
appropriate heterocycles in many ways obvious to one 
skilled in the art. For example, iodocnainazolines 
may be carbonylated in a Heck reaction, and then 
reduced with NaBH^ to the desired precursor. 
Aminopyr idopyrimidines may be diazotized, converted to 
the nitrile, partially reduced to an imine, hydrolysed, 
and the resultant aldehyde reduced to hydroxymethyl . 
The oxygen of the hydroxymethyl can then be acylated, 
sulfonylated or phosphorylated, by methods well-known 
to one skilled in the art. 
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25 



Michael ^HH K- ^-^^^^^^^^^--^£SSStor_Sidec^^iri^ 

iiicnaei addition of a cur>T-s^= ^ ■ 

organozincate from an iodo ^^""^^^ 
-,. . ^ocloqumazoline, to a 

homologated to the de»«;iT-«^ 

skilled in the art. -^ustrated, by one 
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HN 



Ar R- ^ 
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35 



CM HN 
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3 . Oxidize 



HN 




.Ar 



C/N" i-^>r ^"N 
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Aminomethvl-C-Linked Alkylating Micha el Acceptor 
Sidechains 

Amino-heterocycles of the type described 
throughout this application can be alkylated by various 
5 double bond-masked equivalents of l-bromobut-3-en-2- 

one, followed by unmasking of the unsaturation by 
methods known to one skilled in the art. 



10 




15 



RHN HN 



C/N 
C/N 




-Ar 

N 



PhS 
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35 



Hvdroxvmethvl-C-L.inked Alkylating Michael Acceptor 
Sidechains 

Hydroxy-heterocycles made as described previously 
from methoxy-heterocycles can be alkylated by various 
double bond-masked eq^iivalents of l-bromobut-3-en-2- 
one, followed by unmasking of the unsaturation by 
methods known to one skilled in the art. 
Alternatively, alkylation of the phenol can be 
accomplished with chloroacetic acid, followed by 
conversion to an acyl chloride and Stille coupling of 
that acyl halide with an appropriate alkenyl stannane. 
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HO 




N 



PhS 



HN 
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N 
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HO 
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Appropriate mercapto-heteror,.^ i 
aispla=e.e„. hi Li on 

equivalents o£ l-bromobut-3-en-2-onr f , f 
un.a3.in, o£ the unsaturat.on b^ le^hol ^"^ 
skilled .„ a«. Alt^nativl^r at^lar"" " ""^ 

thiol can be acco^pUshea „itH J.i^J^l^TZZ' 
followed by conversion to an acvl nhi ■! 
coupling Of that acyl hali.e with "''^'^ 
alkenyl stannane. appropriate 




EXAMPLE 1 

GENERAL METHOD A: ^ 

N-[4-(3-Bromo-phenylainino)-pyridor4 3 Hir^ • 
7-yll-M- fi-mr>T-r^v,^i • . ^ ^ ' ^ "d] Pyrimidin- 

y J N (3 "'o^Pholxn-a-yl -propyl, -acrylamide can 
made by acylation of 7-ainino-4 k 

Pyridof4 1 rlir, • '^-t>^°"'ophenyl)ainino]- 

Pyrido[4,3-d]pyrxmidxne [J Wed Ci.e.n, 1995-37801 

-thods familiar to one skilled in the art L 

example, acylation with acrylic acid I 

-.o.,h the use c. a Stan jr^nll L^" a^n^rstTas 

l-(3-a..ethyla„i„op.opyl,-3.ethvlcarb=d!iJrHcr 
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(EDAC) or through the use of acryloyl chloride and a 
tertiary base such as diisopropyl ethylamine as an acid 
scavenger . 

N-alkylation of the acrylamides can then be 
achieved by methods familiar to one skilled in the art. 
For example, conversion of the amide to its monoanion 
by treatment with standard reagents such as sodium 
hydride followed by displacement on an appropriate 
halide such as N- ( 3 -chloropropyl ) morpholine or N-(4- 
chlorobutyl )morpholine affords the desired alkylated 
amide . 

GENERAL METHOD B: 

Alternatively, N- [4- ( 3 -bromo-phenylamino ) - 
pyrido[4 , 3 -d] pyrimidin-7-yl ] -N- ( 3 -morpholin-4-yl- 
propyl) -acrylamide can be made by treating 7-fluoro-4- 
[ (3-bromophenyl)amino]pyrido- [4, 3-d]pyrimidine with 
N- ( 3 -aminopropyl ) morpholine in dime thylsul f oxide 
followed by acylation with acrylic acid and a coupling 
reagent such as 1- ( 3 -dimethy laminopropyl ) -3 - 
e thylcarbodiimide HCl (EDAC) or acryloyl chloride and a 
tertiary base such as diisopropyl ethylamine according 
to methods familiar to those skilled in the- art. See, 
for example, WO 9519774 Al . 

EXAMPLE 2 

N- f 4- (3-Bromo-Dhenvlamino) -pv rido r3 . 4-d1pvrimidin-6- 
vll -N- (3-morpholin-4-vl-propvl) -acrvlamide 

To a stirred solution of 4- [ ( 3-bromophenyl ) amino] - 
6- [ (3-morpholinopropyl) amino]pyrido [3 , 4-d] pyrimidine 
(400 mg, 0.90 mmol), (prepared from 4- [ ( 3 -bromophenyl ) 
amino] -6- f luoropyrido [ 3 , 4 -d] pyrimidine and 
3-morpholinoprop-l-ylamine) DMAP (40 mg) and Et3N 
(excess, 2.0 mL) at O^C under N2 was added acryloyl 
chloride (1.2 mol eq., 1.08 mmol, 89uL) . After 1 hour 
stirring, a further two portions of acid chloride 
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(89 UL each) were added over the next 2 h 
reaction was then stirred at 20oc 1 k""' 

With water and extracted with KtOAc The 
organic exty^r^t-^ <^^^ac . The combined 

game extracts were washed with brin^ ^ ■ ^ 
anhydrous Na qo ^ orine, dried over 

yarous Na2S04, and concentrated under r^H, ^ 
pressure before being chromatographed on s 
eluting with MeOH/HtO.c a:S) to Meon/HTol 75^" 
gxve ^-l4-t(3-bron,ophenyl)an,ino3pyridor3 4 d 
6-yI] -N- P-^orpholinopropyl^acryL 
as a cream powder, mp (CH C3 // ^' 

aromatic, S.SO .s, in, aroml:;. 'e^ \ "L"' 
aromatic,, 8 21 (brs, in, h-2 • ) , . . 'd ' • 

- 7.6 Hz, IH, H-6-), 7.41 (t ^ - « 0 u 
^-37 (dt, a= 8.1 HZ. ^= 1 Hz ; T' ' 

)' 6.25 (m, 2H, CH2CHCO, CH,CHCO) S , 
CH2CHCO,, 3.98 (t J - 7 s « 5-66 (m, IH, 

J = 4 5 HZ 4H V," ' ^"2NRCO), 3.46 (t, 

4.5 Hz, 4H, morpholino methylene), 2 29 (t 
^ ~- 7 1 HZ, 2H, CH2CH2CH2NRCO), 2.24 (br s 4„ ' 
morpholxno methylene), 1.73 (quintet S -y 
CH2CH2CH2) ^ncet, J- - 7.2 Hz, 2H, 

Analysis calculated for- <- u ^ 

C / C23H25BrN602.H20 requires: 

53.6; H, 5.3; N, 16.3%. 
Found: c, 53.8; H, 5.O; N, 16.3%. 

EXAMPLE 3 

pyx; 3 ethylcarbodiimide HCl (EDAC) . 
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After stirring for 5 minutes, the mixture became a 
solution, and the ice bath was removed. The reaction 
continued to stir at room temperature for 3 hours. The 
reaction was then poured into a mixture of ice and 
water and made basic with the addition of a saturated 
solution of sodium bicarbonate. This aqueous mixture 
was extracted three times with ethyl acetate, and the 
pooled extracts were dried over magnesium sulfate. The 
solution was filtered and concentrated in vacuo to 
afford a light yellow solid. The solid was dissolved 
in 100 mli of methanol, filtered, and concentrated 
in vacuo to approximately 10 mL. The solid which 
precipitated from solution was collected and dried 
in vacuo at 80^C to give 50 mg of N- [ 4- ( 3-bromo- 
phenylamino) -quinazolin-T-yl ] acrylamide, mp >265^C . 
Chemical ionization mass spectra: m/e 369. 

NMR (Dg-dimethyl sulfoxide): 5 5.86 (dd, IH, 
J = 10.1 , J = 1.9), 6.36 (dd, IH, J = 17.0, J = 1.9), 
6.51 (dd, 1H, J = 16. 9, J =10.1), 7.30 (m, IH), 7.36 
(t, IH, J = 8.1), 7.82 (dd, IH, J = 9.2, J = 2.2), 7.9 
(d, IH, J = 8.0), 8.25 (dd, IH, J = 3.6, J = 1.9), 8.50 
(d, IH, J = 8.9), 8.61 (s, IH) , 9.79 (s, IH, -NH) , 
10 .61 (s, IH, -NH) . 

Analysis calculated for C27H3^3BrN^O : 
C, 55.30; H, 3.55; N, 15.17. 
Found: C, 55.49; H, 3.63; N, 15.26. 

EXAMPLE 4 

N- r4- r (3-BromoDhenvl)aminolQui nazolin-7-vll -N- [3- 
morpholinopropvl 1 acrvlamide 

To a solution of 4- [ ( 3-bromophenyl ) amino] -7- 
f luoroQuinazoline (0.60 g, 1.89 mmol) in 
Dimethylsulf oxide (DMSO) (10 mL) was added 4-(3- 
aminopropyDmorpholine (7.54 mmol, 1.10 mL) . The 
reaction mixture was heated at 110°C for 2 6 hours and 
then diluted with water, basified by the addition of 
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saturated NaHcn 

confined o.^i ZUcT 

over anhydrLs 1,S0 "''"^ ^^'^^ 

<Jui„,zolin. ,0.65 3 "3 ' ' """'°'^'"-°^^"'^P-PVl ' -ino) - 
».P 162-162. 50c. ' crystals, 

NMR [(CDjJjSO. 200 MHz): 89 4, ,„ 
IH, H-2,, S.2. ,.rs, IH, V2 'l Id""'' ' ' 

■J - 5.2 Hz, IH, H-5) 7 87 ,h ,^ ' 

«-^^■..;.s-,.le.,■2.^:-::,^=:,^::;- 

^•8 Hz, IH, CH2CH0NH), 2 43-2 2^ irr, cr. 
morpholino methylene, CH.cLcLnh, l 7s • 
6.8Hz, IH, CH2CH2CH2). ' ' ' (guxntet, a= 

^^C NMR: 5 156.56, I54 27 mo 
130.15, 124. SO, 123. 1 3 ^ if'''' 

105.6S, 102.21, 66.13 '3 53 31?,''' ■ 

25.14. ^5.81, 53.31 ( x2 ) , 40.46, 

To a solution of the above 4-rM h.-^ 
amino]-7-r (3_mornh^T t < 3 -bromophenyl ) - 

*u.lO g, 0.230 mmol) in dry DMF fS 0 „ti 
added acrylic acid (0 5fic: ^^-O ntL) under N2 was 

and l-(3-Lethvlli ' ^""^ ' ^"^3^ (100 uL) , 

hydrochlorxde (EDCI-hcI) m ^'^^'^^^^^^^-"'-de 
resoh^^ (0.565 imnol, 108 mg) , the 

reaction mixture was s^^r->-«^ ^ 

crxe thy 1 amine Et-,N (ion ■,t \ ^ 

u. • ^ V^i-') . and EDCI HCl M nn ,y,^> 

being added each day The dmp u ^' 

«»y- ihe DMF was then removed 
m vacuo and the resulc-i^^ '^vea 

■'■''^"^ residue diluted with 
saturated NaHCOT and ex^T-«^*-»^ • ^ 

3 extracted with EtOAc tHp 

combined organic extl-sr.^ = 

extracts were washed with brine, dried 
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over anhydrous Na2S04, and concentrated at reduced 
pressure. Coluinn chromatography on silica gel with 
gradient elution from MeOH/EtOAc/CH2Cl2 (1:4:5) to 
MeOH/EtOAc/CH2Cl2 (2:4:4) gave at higher R^; N-t4-((3- 
5 bromophenyl ) amino] quinazolin-7-yl ] -N- (3- 

morpholinopropyl 1 acryiamide (39 mg, 3 5%) as a white 
powder; mp { EtOAc /hexane ) 86-88°C (decomp) . 
^^H rOMR [(CD3)2SO, 200 MHz]: 5 9.96 (s, IH, NH) , 8.68 
{s, IH, 8.63 (d, J = 8.7 Hz, IH, H-5), 8.23 

10 (br s, IH, H~2 • ) , 7.91 (dt, J = 7.3 Hz, J = 2.0 Hz, 

J = 2.0 Hz, IH, H-6M, 7,68-7.58 (m, 2H, aromatic), 
7.42-7.31 (m, 2H, aromatic), 6.18 (m, 2H, CH2CHCO, 
CH2CHCO) , 5.63 (dd, J = 2.0 Hz, J = 10.0 Hz, IH, 
CH2CHCO) , 3.90 (t, J = 7.1 Hz, 2H, CH2CH2CH2NCO) , 3.51 

15 (t, J = 4.3 Hz, 4H, morpholino methylene), 2.50 (br s, 

2H, CH2CH2CH2NCO) , 2.28 (br s, 4H, morpholino 
methylene), 1.67 (quintet, J = 6.5 Hz, 2H, CH2CH2CH2 ) . 
At lower R£ ; recovered starting material, 4-[(3- 
bromophenyl ) amino) -7- [ ( 3 -morpholinopropy 1 ) amino] - 

20 quinazoline (34%) identical with an authentic sample, 

EXAMPLE 5 

3- f 4 - ( 3 -Bromo-Dhenvlamino ) -auinazolin-7 -vlcarbamovl 1 - 
acrylic acid 

25 To a 50c solution of 0.158 g of 7-amino-4- (3- 

bromoanilino) -quinazoline I J Med Chem, 1995:3 482) in 
10 mL of tetrahydrofuran was added 0.059 g of maleic 
anhydride- The cold solution stirred for 15 minutes, 
and then the ice bath was removed. The reaction warmed 

3 0 to room temperature where it continued stirring for 

15 hours . The suspension was heated under reflux for 
3 0 minutes and then stirred at room temperature another 
15 hours. Another 0.059 g of maleic anhydride and 
20 mL of tetrahydrofuran were added, and the reaction 

35 was refluxed for an additional 2 hours. After another 

15 hours at room temperature, the reaction was refluxed 
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formamide and then a second till , '^^""'■yl- 
H mm KCDjI^SOJ: 6 12.95 (br s IH , „ 

IH .Changes „i.h .,o, . e . 62 ,3, l„, , . , ^ 
J - 9.2 Hz, IH), 8.24 (s, !«) a 17 ,^ 
'.90 ,d, .-8.4 „. ,H ■ 7 ,3 d' 
IH), 7.36 (t J - a 1 „ , ° Hz, 

^= 11.8 HZ. x„, ' ^^-^H^- «>. 6.37 ,d, 

CIMS m/z (relative %) .- 41, , , 

^13.3 ,100,, <,!<,. 3 ,21, ' ''^^ 

^alysis calculated for c,,n,,^,^^o, . 

C, 52.32; H, 3.17; N, 13.56 
■-ound: c, 52.57,. H, 3.51; N, 13.15. 

EXAMPLE 6 

To an ice cold solution of 0 153 a of -7 

{3-bromoanilino)-auin^.^-i • 7-amxno-4- 

quinazoline and 0 Pifi ,-,,c 
fumarate in 3 mr ^ g of monoethyl 

carbodL^idi Hci ::::r 

<Juxnazolin, can be !adl V " "'^"-^ilinc, - 

skilled in thl a« See j:""^ " 
1995:3482, which i. hereby "0'"^''' ^ "'^ ""^^ 
After stirring at S-c Lr 5"' reference, 
removed, and the react! „ :ar::rr;trt'" 
te^erature where it stirred ZTZToV: " 
reaction was poured into cold water and the 

==iiected by filtration, -r;- _ 
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recrystallized from 50 mL of ethanol to afford 0.052 g 
of the desired product, mp >260*^C. 

NMR [(CDjjjSO]: 5 10.99 (br s, IH, exchanges with 
D2O) , 9.82 (br s, IH, exchanges with D2O) , 8.62 (s, 
5 IH), 8.52 (d, J = 8.9 Hz, IH) , 8.24 (s, 2H) , 7.90 (d, 

.7 = 8.2 Hz, IH) , 7.81 (dd, J" = 1.7 Hz, 8.9 Hz, IH) , 
7.34 (m, 2H) , 7.26 (d, J- = 15.7 Hz, IH) , 6.79 (d, 
J = 15.4 Hz, IH) , 3.33 (q, J = 7.0 Hz, 14.2 Hz, 2H) , 
1 .28 (t , J- = 7 ,0 Hz, 3H) ; 
10 CIMS m/z (relative %) : 440 (19%), 441 (100), 442 (37), 

443 (78) . 

Elemental analysis calculated for 020^17^^^403 • 
C, 54.44; H, 3.88; N, 12.70; Br , 18.11, 
Found: C, 54,32; H, 3.85; N, 12,76; Br, 17.89. 

15 

EXAMPLE 7 

N- f 3 -Bromo-phenvl ) -Qruinazolin-4-vl-amine 

N- ( 3 -Bromo- phenyl ) -quinazolin-4-yl-amine was 
prepared according to methods well-known in the art, 
20 See, for example, J- Med Chem, 1995 ; 38 ( 18 ): 3482-3487 . 

EXAMPLE 8 

4- ( 3 -Bromo-phenvlamxno ) -6 , 7 -dimethoxvcruinazol ine 

4- ( 3 -Bromo-phenylamino) -6 , 7-dimethoxyquinazoline 
25 is synthesized according to methods well-known in the 

art. See, for example, European Patent Application 
Number 566 226 Al . 



EXAMPLE 9 

3 0 But-2-enoic acid [4- ( 3 -bromo-phenvlamino ) -auinazQlin-7 - 

vl 1 -amide 

To an ice cold solution of 0.158 g of 7-amino-4- 
(3-bromoanilino) -quinazoline (J" Afed Chem, 1985:3482) in 
5 mL of tetrahydrofuran was added dropwise a solution 
3 5 of 0.105 g of crotonic acid chloride in 5 mL of 

tetrahydrofuran. When the addition was complete, the 
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::r: -^^^ ^rr: r/::,:---^ - 

tetrahydrofuran and recrvc:h^n • ^ « wxcft 

product, mp >250°C. desired 

C(CD3)2SO]: 5 11.44 (br s • IH . k 
11.04 (s IH ^^^v, exchanges with 

«>. 6.70 ^= I'v J „ ,° ^ 

1.9a Ma. ^, X.. e,,„,, 3„, • 

■^IHS, 382 ,21,. 383 ,100,, 384 ,34, 385 
Analysis calculated for r m = 

C. 50.43.. H. 4.00, K, 13.07.- Br. 18.64,' 

"""" C, 50.71, „. 4.00, „. l..,8, Br. 18.„, 

EXAMPLE 10 

Keaction .1th a-.ro.oanJlL ^r^a^ 
bromophenylamino)-6-chloro-7 ni/ 

4-chloro K ^-nitroguanazoline and 

<=rt-Loro-6-{3-bromophenylamino)-7-nit^r,.^ • 
which are seoarah^H . "^trocjuinazoline 

. separated by column chromatography 

Treatment of the desired 4- m k>. ^. 
chloro-7 r,-!^ • ^ <^-bron»ophenylamino)-6- 

cnxoro-T-nitroqumazoline with N-i^ • 

™i.ne ana 3ul,se^.„. reducrjrr rrX"" 
functionality with, for example iron i„ > 

a"ords 7-a..no-4-,3.bro.o.pLIyin ° '^'^ 

-.X-propyla„i„„,.^,_„,,:_~-.. 
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acrylamide is accomplished according to method of 
Example 3 . 

EXAMPLE 11 

N- f 4- f ( 3-Broinophenvl ) aminol cruina2olin-6-vl 1 acrvlamide 

To a solution of 6-amino-4 - [ ( 3 -bromophenyl ) amino ] - 
quinazoline (2.0 g, 6.3 5 mmol) in dry DMF (20 mL) under 
^2 was added acrylic acid (12.7 mmol, 0.87 mL) . The 
resulting solution was cooled to O^C and 1~(3~ 
dimethylaminopropyl ) -3 -ethylcarbodiimide hydrochloride 
(EDCI-HCl) (7.62 mmol, 1.4 6 g) was added. The reaction 
was stirred at O^C for 15 minutes and then allowed to 
warm to room temperature and stirred for a further 
2 hours, after which additional acrylic acid (0,30 mL) 
and EDCI-HCl (0.30 g) were added. After a further 
2 hours, the reaction was complete by tic, solvent was 
removed under reduced pressure, and the resulting 
residue diluted with saturated NaHC03 and repeatedly 
extracted with EtOAc . The combined organic extracts 
were washed with brine, dried over anhydrous Na2S04 , 
and concentrated under reduced pressure. Column 
chromatography on grade III alumina eluting with 
EtOAc/MeOH (95:5) followed by recrystallization from 
EtOAc/hexane gave a spongy white solid, which upon 
several hours under high vacuum gave N-[4-[(3- 
bromophenyl ) amino] quinazolin-6-yl ] acrylamide (1.06 g , 
45%) as a cream powder, mp 258-261^C. 

NMR [(CD3)2SO, 200 MHz]: 5 10.51 (s, IH, COMH) , 
9.93 (s, IH, NH) , 8.83 (br s, IH, H-5), 8.59 (s, IH , 
H-2), 8.18 (br s, IH, H-2 ' ) , 7.94-7.78 (m, 3H, H-6 * , 8, 
5'), 7.40-7.27 (m, 2H, H-7, 4'), 6.54 (dd, J = 9.8 Hz, 
J = 17.0 Hz, IH, CH2CHCO) , 6.36 (dd, J = 2.1 Hz, 
J = 16.9 Hz, IH, CH2CHCO) , 5.85 (dd, J = 2 . 0 Hz , 
J = 9.7 Hz, IH, CH2CHCO) . 

Mass spectrum (CI): 371 (95, ^^BrMH*), 370 (53, 
Q^BrM^), 369 (100, "^^BrMH""), 368 (33, '^^BrM''). 
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Analysis calculated for c h n 

C ^17Hi3BrN40 requires: 

55.30; H, 3.55; N, 15 17% 
Found: C, 55 iq. „ , , - -Lo.l/ti. 

^5.19, H, 3.34; N, 14.88% 



EXAMPLE 12 



18.5 mmol) in neat SOCI, (30 „, , ^' 

The excess SOCI, ..»oved lar^e." T"'"^ ' 

and dry benzene v,as added and^h P-essure. 

reduced pressure to r. evaporated under 

^ w^ouie CO remove ai i t->-^^ 

resulting crude <.-chloro e t ^'"'^ ' ™« 

dissolved in dry CH c, 

-turated „a,CO , "^^"^^ 

-»et.yi.en.yia.ine ::o"rr"?r:r:''- 

'60 n^l containing Et,„ ,e.cLs 7 n 

resulting reaction mixture"a3 ,eat ' 
3 hours and then concentrlt f """" ^^"^ 

-diluted with water a" . "''""''^ Pressure, 

=o:-ined organic ^trrtrrrr,::--- ■ 
-.SO,, concentrated under reducl: presl^r'^l-^^ 
chromatographed on silica ael =, ^ , ■ 

J = 9-2 Hz, IH, H-7) 7 85 h ^ 
3-46 (s, 6H, N(CH3)2,'. ' ' ^ ^ 

Further elution aaw 9 k 
nitroquinazolin-4-yr,ben ^ 

w^Ti yj- > oenzylamine (0.62 o ft*» 

yellow powder, .p (CH^Cl^) 198-200oc ^' ^ 

H NMR [(CD3)2SO], (400 MHz,: 5 10 47 ,b 

--2.4 HZ, i„, H-5. 3.7:-::/r;-.,^«; 



wo 97/38983 



PCT/US97/05778 



-69- 

(dd, J- = 9.2 Hz, J = 2.5 Hz, IH, H-7), 8.21 (d, 
J = 2.0 Hz, IH, H-2'), 7.95 (d, J = 9.1 Hz, IH, H-8), 
7.91 (dd, J- = 8.4 Hz, IH, H-6 ' ) , 7.49 (d, J = 8.5 Hz, 
IH, H-5M, 3.46 (s, 2H, CH2N(CH3)2), 2.22 (s, 6H, 
N(CH3)2) . 

Analysis calculated for C-^7H3^ 5BrN502 * 1 . SHjO requires: 

C, 47.6; H, 4.5; N, 16.3%. 
Found: C, 47.7; H, 4.2; M, 15.7%. 

To a reflujcing solution of the above A-N^N- 
dimethylamino-6-nitroquinazoline amine {1.20 g, 
5.50 mmol) in EtOH/H20 (2:1, 90 mL) containing glacial 
acetic acid (4.0 mL) was added freshly washed (IN HCl 
then distilled H2O) iron powder (4 mol eq., 1.24 g) in 
portions. Identical reaction procedure and workup as 
above gave, after chromatography on silica gel eluting 
with CH2Cl2/EtOAc (1:1) to MeOH/CH2Cl 2 / EtOAc (1:4:5), 
4-N,N-dimethylamino-6-aminoquinazoline (0.87 g, 84%) , 
as a pale brown powder, mp (dihydrochloride salt from 
MeOH/Et20) 258-261<^C. 

NMR (dihydrochloride salt), [(003)280], (400 MHz): 
5 14.8 (br s, IH, NH^), 8.65 (s, IH, H-2 ) , 7.79 (m, 2H, 
H-5, H-8), 7.57 (dd, J" = 2.1 Hz, J- = 8.9 Hz, IH, H-7 ) , 
5.70 (br s, 3H, NH3^), 3.55 (s, 6H, N(CH3)2)- 

To a stirred solution containing the above 4-JV, -^7- 
dimethylamino-6-aminoquinazoline (0.65 g, 3.45 mmol), 
acrylic acid (4 mol eq. , 13.8 mmol, 0.95 mL) , and 
pyridine (excess, 1,3 mL) in DMA (20 mL) under N2 was 
added 1- ( 3 -dimethylaminopropyl ) -3 -ethylcarbodiimide 
hydrochloride (EDCI-HCl) (2 mol eq., 6.90 mmol, 
1.32 g) . The standard procedure above was followed to 
give after chromatography on silica gel eluting with 
EtOAc/CH2Cl2 (1:1) to MeOH/CH2Cl2/EtOAc (1:4:5), 
[4- (AT, i\;-dimethylamino) quinazolin-6-yl] acrylamide 
(350 mg, 42%) as a cream powder, mp (CH2CI2 /hexane ) 
204-206<=»C. 
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NMR [(CD3)2S0], (400 MHz): 5 10 49 
«-B0 (d, J 2.2 HZ, IH, H-5, 8 46 ' ""^^^ ' 

^-OHz, IH, H-8), 6.47 ,,,, ; ^ '^^ 

J = 10.1 H2, IH, CH2CHCO), 6 34 (dH r 
--OHZ, 1„, CH,^HCO,/3^S3".r//"lorHr' 
--•OHz, IH, CH,CHCO,, 3.32 <s, 6H, .^cu/j: 

EXAMPLE 13 

methylphenyl) amino Jguinazoline 02. . 

acrylic acid (0.04 mL 0 L ^' 

(0 15 mL 11 , ^^i^thylamine 

mg, 0.64 mmol) tv^^ . . 

CHjCij/EtOAc/MeOH to give th, desired or.H . 
yellow solid (75 ma 49s,, Product as a 

1„ mp 269.7-270OC 

B.58 ,s, 1„, „2,, 8.54 ,d s, = ■ 

- --.H. i„, „e,, 7.3?,! r: "o 

^. 1„, „5,, 7.71 

- 1«. H5'), 6.99 (d, J - 7 , „ , 

6.56 ,dd. ^.16.3, 10.0 IH ;h-cH ' ' ' 

•'^ ".1, 5.0 IH, CH=Cao 5 T',Z"r 

2.0 Hz, 1„, CH=CH,) 2 39 ' ° 

^■"2'. -^.39 (s, 3H, CH,I. 
Mass Spectrum (CI). /inn . . 

69.39; H. 5.44; N, 17.94% 
Found: C, 69.19; H, 5.19; N, 17.67%.' 



wo 97/38983 




PCT/US97/05778 



-71- 
EXAMPLE 14 

N- f 4- (3-Chloro- phenvlaminQ) -auinazol in-7 -vll acrvlamide 

1- ( 3 -dimethylaminopropyl ) -3-et:hylcarbodiimide 
hydrochloride (288 mg, 1.5 rrunol) was added to a 
solution of 6-amino-4 [ ( 3 -chloropheny 1 ) amino ] quinazoline 
{136 mg, 0.5 mmol) and acrylic acid (108 mg, 1.5 mmol) 
in dimethyl formamide (DMF) (5 mL) , stirred under 
nitrogen at O^C. After 15 minutes the reaction mixture 
was stirred at 25°C for 18 hours, and then poured onto 
ice-water (50 mL) and after 1 hour the precipitate was 
collected by Buchner filtration. The residue was 
rinsed, air dried, dissolved in the minimum of 
250c methanol (MeOH) (60 mL) , concentrated at 25^C 
under reduced pressure to below 10 mJLr, and 
recrystallized at 0°C to give N- [4- [ (3-chlorophenyl) - 
amino] quinazolin-7-yl] acrylamide (33 mg, 20%) as a 
light orange solid, mp 296 . 5-298 , 5^C . 
Calculated for C2^7H, 3CIN4O • 0 . 08 CH3OH-0.25 H2O: 

C, 61.82; H, 4.20; N, 116.89%. 
Found: C, 61.92, H, 4.23; N, 116.72%. 

NMR [(003)230]: 5 10.61 (brs, IH, NH), 9.80 (s, IH, 
NH) , 8.62 (s, IH, H2), 8.50 (d, J = 9.0 Hz, H5 ) , 8.25 
(d, J = 2.0 Hz, IH, H8), 8,13 (t, J = 2.0 Hz, IH, H2 * ) , 
7.87-7.78 (m, 2H, H6 & H6 ' ) , 7.42 (t, J = 8.2 Hz, IH, 
H5'), 7.16 (dd, J = 2.2, 7.9 Hz, IH, H4 * ) , 6.51 (dd, 
J = 10.0, 17.1 Hz, IH, CH=CH2), 6.3 5 (dd, J = 1.8, 
17.1 Hz, IH, CH=CH2), 5.86 (dd, J = 1.8, 10.1 Hz, IH, 
CH=CH2 ) . 

Mass Spectrum (CI) 327 (32, ^'^CIMH^ ) , 326 (25, ^'^CIM"**, 
13^ 2^C1MH^), 325 (100, ^^ClMH''), 322 (22, ^^CIMH^"). 

EXAMPLE 15 

N- r 4- { 3- Bromo-Dhenvlamino ) -auinazolin-7-vn - 
methacrvlamide 

To a stirred solution of 7-eLmino-4- [ ( 3 -bromo- 
phenyl ) amino] quinazoline I J Med Chem, 1995 ; 38 : 3482 ) 
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(150 mg, 0.48 nunol) in dry DMF (20 mr > 
-thacrylic acid (200 .g) and 1 3 T T '^^'^ 
propyl) -3 -ethvlr>, K ^ ^^^-'^^"^ethylamino- 

I 22?^:r Lr'"^" ^^ycroc^oride (HDCX.HCI, 

overnight then fu;t:h "^'"'"^^ ^^^^^ 

ync cnen further amounts of edci hpi z-,,^ 

methacrylic acid (200 moi "'^^ 

o ^ added. Aft^^r- 

2 days stirrinrr -. ■^rter a further 

extracted ■ '^"'^"^ ^'turatad NaHCO, , 

extracted with ethyl acetate (EtOAcI 

confined organic extracts „erl drieH "'^ 
Na^SO,, concentrated under reduced 
chromatcraphed on siliZ .''"""'"''^ 
«eO„/c„,ci,/EtOAc ,5 .5 ^of o'"' 
a0:40,50, to give nIu M h '-tOAc 

Qui„azolin-7-yl, -2-11: -"-"-Phenyl , a„ino, - 
yij 2-methyl-acrylamide (43 mo 

pale broTO solid, m> ,CH ri /v. ' 

1 ™„ , ^ ICTjClj/hexane) 255-259OC 

H NMR IICD3)2SOJ, ,400 MHz, 5 10 22 <, ,„ 

^■'6 <=. IH, NH,, 8.61 ,s ,„ I 
- 9.2 Hz. 1„ H-5, , ■ 

c%^^c;^'c:;: --.c„3,co,,^''2.oo 3„. 

Analysis calculated for C, „H r^-m ^ 

^IS^lS^rN^O requires : 

^' H' 4.0; N, 14.6% 

Found: C. 56.1; H, 4.0; N, 14.1%." 

EXAMPLE 16 

A solution of 7-a„i„o-4-t,3-bromophenyl,- 
aminojquinazoline <>r «ed CAe», 1995.33.3482, „„„ 

dil'thT': '-3- .o.'.o-:^ n^ 

teLah dT' '-"lytic, in 

tetrahydrofuran ,THF, ,30 „as reacted with 

chloroethanesulfonyl chloride (1 6 mo, . 

11.6 mol eq., 2.54 mnol. 
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265 uD at 25^C for 1 hour, stirred under N2 . The 
reaction mixture was diluted with saturated NaHC03 and 
extracted with EtOAc. The combined organic extracts 
were washed with brine, dried over anhydrous Na2S04 , 
concentrated under reduced pressure, and 
chroma tographed on silica gel eluting with 
MeOH/CH2Cl2/EtOAc (3:47:50). Crystallization from 
CH2CI2 /hexane , gave N- [ 4- [ ( 3-bromopheny 1 ) amino] - 
quina2olin-7-yl] vinylsuif onamide (80 mg, 12%) as a 
cream powder, mp 218°C decomposes (dec) . 

NMR [(CD3)2SO], (400 MHz) 5 10.73 (s, 1H/s02NH>, 
9.80 (s, IH, NH), 8.59 Is, IH, H-2), 8.47 (d, 
J = 9.1 H2, IH, H-5), 8.21 (br s, IH, H-2 ' ) , 7.87 (br 
d, J- = 8.0 Hz, IH, H-6'), 7.47 (d, J" = 2.1 Hz, IH, 
H-8) , 7.40 (dd, J = 9.0 Hz, J = 2.2 Hz, IH, H-6), 7.36 
(t, J = 8.0 Hz, IH, H-5'), 7.30 (br d, jr = 8,0 Hz, IH, 
H-4*). 6.93 (dd, J- = 16.4 Hz, J = 9.9 Hz, IH, 
CH2CHSO2), 6.28 (d, = 16.4 Hz, IH, CH2CHSO2 ) , 6.15 
(d, J = 9.9 Hz, IH, CH2CHSO2 ) . 

Analysis calculated for gH^ 3BrN402S requires: 

C, 47.4; H, 3.2%. 
Found: C, 47.3; H, 3.5%. 

EXAMPLE 17 

N" f 4" ( 3 -Bromo- phenyl amino) "QruinazQlin-7 -vl 1 prooanamide 

To a solution of 7-amino-4- [ ( 3-bromophenyl) amino] - 
quinazoline (163 mg, 0.52 mmol) in dry THF (3 mL.) 
stirred under N2 at 25°C was added dropwise propionyl 
chloride (0.05 mL, 0.58 mmol) . A yellow solid formed 
at once. After 1 hour the solid was collected by 
Buchner filtration and washed with ether then dried. 
Recrystallized from wet methanol afforded the desired 
product as bright yellow solid (81 mg, 3 8%) , 
mp 282-283«>C. 

^H NMR t{CD3)2SO]: 5 11.4 (brs, IH, NH) , 10.76(s, IH, 
NH) , 8.90 (S, IH, H8), 8.64 (d, J = 9.0 Hz, IH, H6 ) , 
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H5 ) 2.48 (g, ^= 7.6 Hz, 2H, CH^ ) , 1 . 13 (t 
^ = 7.5 Hz, 3H, CH3) . ' 

Mass Spectrum (APCI) : 373 (100, SlerMH^) 372 (21 
^^BrM-), 371 (96, 79b^^.,_ ^' (21, 

calculated for Ci^HisN^BrO-HCl • 0 . 2H2O: 
C< 49.64; H, 4.02; N, 13.63% 

Found: C. 49 4R. w i 01 

H, 3.91; 13.57%. 



EXAMPLE 18 

hydrochlorxd. nS02 ^. x ^^^^^ 

^^^^ .ndpyridinr 
'201 n.9. 2.5 rmol) in THF/DMF (4.1 , = „, , 

' '^'^'f ^.5 mL) , stirred 

under nitrogen at 0«C Afi-*=r- • ^^xrrea 

mixhn^o minutes the reaction 

mxxture was stirred at 25or fr^■^- t v, 
noM^o^ ^ c for 3 hours, and then 

poured onto water (12 5 mt 1 

(2 X 10 ^v, extracted with EtOAc 

(2 X 10 mL). The combined extracts were treated with 
dilute hydrochloric acid (0.5 M, 10 n^, , and th^ 
precipitate was collected by Buchner fil^... 
"i.. wa.e. no e..e. . 10 !^ "^ " :^™:: 

.cryl,„ia. hvd.c=hlo.ide ,93 48%, as , dull yellow 

solid, mp 223-2270C. yeiiow 

Calculated for Ci3H,3ClN,0. HCl • 1 . 5 H2O: 

C, 52.59; H, 4.41;N, 14 43% 
Found: C, 52.43, H, 4.37; n, 14.27% 

^ NMHnCO3),S0. a ,1.46 (brs, IH, .H, , 1..05 (3, IH. 

T12 dd ^ = H5), 8.90 (s, IH, H2 ) , 

8.12 (dd, J = 2.0, 9.0 Hz, IH, H7 ) , 7.99 (d, 

^ = 9.0 Hz, IH, H81 7 «« -r ^ 

7.68 (dd, J = 6.1, 1.0 Hz, IH, H6 • ) , 7.51 (t. 
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J = 8.0 Hz, IH, H5'), 7.37 (dd, J = 8.1, 1.2 Hz, IH, 

6.63 (dd, J = 10.3, 17.1 Hz, IH, CH=CH2 ) , 6.37 

(dd, J = 1.6, 17.1 Hz, IH, CH=CH2), 5.87 (dd, J = 1.7, 
10 , Hz, IH, CH=CH2 ) . 

Mass Spectrum, Chemical Ionization (CI): 327 (8, 
^"^CIMH^), 325 (37, ^^ClMH^), 135 (100). 

EXAMPLE 19 

N- f 4 - r (3 -methvlphenvl ) amino 1 auina2olin-6-vl 1 acrvl amide 

Isobutyl chlorof ormate (20.35 g, 0.15 mol) was 
added dropwise over 20 minutes to a solution of acrylic 
acid (10.82 g) , 0.15 mol) and triethylamine (30.19 g, 
0.30 mol) in THF (400 mL), stirred under nitrogen at 
0°C. The slurry was stirred at that temperature for 
30 minutes, and then 6-amino-4 [ ( 3-methylphenyi ) amino] - 
quinazoline (27.71 g, 107 mmol ) in DMF (80 mL) was 
added dropwise over 45 minutes. After a further 
4 hours, further mixed anhydride (from acrylic acid 
(3.61 g, 50 mmol), isobutyl chlorof ormate (6.80 g, 
50 mmol) and triethylamine (10.1 g, 100 mmol) in THF 
(100 mL) at O^C) was added in one portion. After a 
further 15 minutes, the reaction mixture was istirred at 
25^C for 3 0 minutes, and then poured onto ice-water 
(1 L) . Ether (200 mL) was added and the phases were 
separated. The aqueous phase was extracted with EtOAc 
(500 mL), and the combined organic phases were washed 
with water (500 mL) , and saturated brine (250 mL) . The 
solution was stirred with anhydrous MgSO^ for 
2 minutes, filtered, and silica gel (150 g) was added. 
The mixture was stripped to dryness, and used as the 
origin of a flash silica chromatography column (700 g) , 
eluting with acetone/dichloromethane (25% 4 L, 35% 8 L, 
40% 4 L) . The solvent was stripped from the 
appropriate fractions and the residue was suspended in 
EtOAc (200 mL) refluxed for 5 minutes and sonicated at 
60°C for 20 minutes, then collected by Buchner 
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filtration, rinsed with EtOAc (3 x 25 n^) , and dried in 
a vacuum oven at 750c for 16 hours, to give N-f4-[(3- 

methyl-phenyl ) am.no J guinazolin- 6 -yl J acrylamide 
(11.38 g 35%, as a l.ght yellow solid, mp 247-8oc 
Calculated for C, gN.o • 0 . 1 H2O: 

C, 70.61; H, 5.33; N, 18.30% 
Found: C, 70.33; H, 5.19; N, 18.17% 

-I. ..as . . ..o, , , 

^' 8.9 HZ, IH, „8,, 7.54-7.60 aH, „6 ■ .J.,' , 

J - 7.2 HZ, IH, H4M, 6.53 (dd, J . lo.l, ig 5 
CH-CH,, ..34 ,dd, ...... JchJ -3 S4 

(ad. 10.1 HZ, 1„. CH=CH,, ..34 „, 3„ „e, 

Mass Spectrum (CI) 305 (100, MH* ) , 304 (49, „* , . 

EXAMPLE 20 

6-vl 1 /^^rvlainirlp. 

^-<^-^i"^«thylaminopropyl,-3-ethylcarbodiimide 
hydrochloride (212 mg, i.i ^^l) was added to a 

solution Of 6-an.ino-4n3-(trifluoroxnethyl)phenyl,- 
amxno]^.nazoline (153 mg, 0.5 mmol) acrylic acid 

THP/OMP (4:1, 2.5 mL) , stirred under nitrogen at ooc. 

250C ' TT'" '"^^ was stirred at 

^5 C for 1 hour, and then recooled to Qoc. Dilute 
hydrochloric acid (0.5 M, 10 oo.) was added, and after 
15 ..nutes the precipitate was collected by Buchner 
f.ltratxon. The residue was rinsed with water (5 nO.) 
and ether (2 x 5 mL, and dried in a vacuum oven at 750c 
overnight to give N- (4- f (3- ( trif luoromethyl) 
Phenyl ) amino] cruinazolin-6-yl j acrylamide hydrochloride 



wo 97/38983 



PCT/US97/05778 



-77- 

(87 mg, 45%) as a light greenish solid, mp 195-199°C. 

Calculated for 8^13^3^4^ ' ' ° * ^ ^2^' 

C, 53.54; H, 3.74;N, 13.88%. 
Found: C. 53.70; H, 3.72; N, 13.73%. 

-H NMR [(003)280]: 5 11.59 (brs, IH, NH) , 10.99 (s, 
IH, mi), 9.17 (d, J = 2.0 Hz, H5), 8.92 (s, IH, H2 ) , 
8.12 (s, IH, H2 » ) , 8.10 (dd, J = 2.0, 9.2 Hz, IH, H7 ) , 
8.04 (d, J = 8.0 Hz, IH, H6 * ) . 7.98 (d, J = 9.0 Hz, IH, 
H8), 7.74 (t, J = 7.9 Hz, IH, H5 ' ) , 7.68 (d, 
J = 7.8 Hz. IH, H4 • ) , 6.60 (dd, J = 10.1, 16.9 Hz, IH, 
CH=CH2), 6.3 8 (dd, J = 1.6, 16.9 Hz, IH, CH=CH2 ) , 5.89 
(dd, J = 1.6, 10.1 Hz, IH, CH=CH2). 
Mass Spectrum (CI) 359 (45, MH""), 134 (100). 

EXAMPLE 21 

N- f 4- r (3 -Bromophenvl ) amino 1 -7- [3- ( 4 "mQrDholino)Dropoxv1 
caxinazolin-6-vl 1 acrvl amide 

Sodium metal (27.6 mmol, 0.63 g) was added to a 
solution of 3 -morpholinopropan-l-ol (22.0 mmol, 3.20 g) 
in THF (60 mL) under N2 . The resulting suspension was 
stirred at 20°C for 2 hours and then cannulated into a 
solution of 4- [ (3-bromophenyl ) amino] - 7-f luoro-e-nitro- 
quinazoline, J Med Chem, 199 6 ( 3 9 ) : 9 1 8 ) (2.0 g, 
5.51 mmol) in THF (50 mL, ) under N2 . The solution was 
then heated at reflux for 24 hours before being diluted 
with water and extracted with EtOAc . The combined 
organic extracts were dried over anhydrous Na2SO^, 
concentrated under reduced pressure and chromatographed 
on alumina eluting with EtOAc/hexane (1:1) to MeOH/ 
CH2Cl2/EtOAc (2:3:5) to give 4 -[( 3-bromophenyl ) amino ] - 
7- [ ( 3-morpholino ) propyloxy ] -6-nitroquinazoline (1.75 g, 
65%) as a yellow powder, mp (MeOH) 216-220^C. 

NMR [(CD3)2SO]: 5 10.12 (s, IH , NH) , 9.24 (s, IH, 
aromatic), 8.69 (s, IH, aromatic), 8.19 (t, J = 1.8 Hz, 
IH, H-2'), 7.88 (dt, = 7.8 Hz, = 1.4 Hz, IH, 

H-6'), 7.49 (s, IH, aromatic), 7.38 (t, J = 8.0 Hz, IH, 
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4.35 ,t. ^-6.2„., 2H, CH,CH,CH,0,, 3.58 U, 
J = 4.6 Hi, 4H, morpholino methylene), 2 45 (t 
J' = 7.0 Hz, 2H, NCH,CH,CH,1 2 37 fhr = „„ 
-thylen.,. 1.94 «^i„ et . ^ ; ' 

"Cmm: S 157.76, 157.26, 153.76, 153 21 I40 32 
138.86, 130.37, 126.38. 124.26, 121.70 ' 21 3 „ „ 
1-13, X07.8S, 67.87, 66.13 ,.2,, 54.42,"3"8 T:,]'' 



Analysis calculated for C2iH2,BrN,04 ■ 0 75 H O r.™ ■ 

C. 50.3; H, 4.7; I. 14 0% ' : 

Found: c, 50.3; H, 4.4, N, 13.8%. 

Freshly washed UN HCl then distilled H,0) iron 
powder ,12 ™ol, 0.686 a. was added in portion to a 
reflu..„, solution of the above nitro^inazol.ne 

^lac a!'acet" ""^M " ' ' '° -""in.n, 

glacial acetic acid (2.0 mL) . The resulh^r,^ 

was heated at reflux wi^h • ^^^ulting suspension 

reflux with vigorous stirring for 
20 minutes then cooled, basified by the addition of 
concentrated NH3 and filtered through a pad of celite 
The celite pad was washed with EtOH before the filtrate 
was concentrated under red.ir-^ri ^^J-crate 

^ ^ reduced pressure, diluted with 

water, and extracted with EtOAc The cnmh- ^ 
f>v^r-^^l-^ ^ . '-^'ic. ine combined organic 

extracts „ere dr.ed over anhydrous «a,so, , concentrated 
under reduced pressure, and chromatographed on 
Grade III alumina eluting with CH^Cl^/EtOAc (l-l, to 
«eOH,.to.c ,2:98, to give 6-ami„o-4-?,3-bromIpheIy - 
am.„o,-7- t<3-morpholino,propyloxy,^i„,.oline (10 g 
77») as a pale browi powder, mp (EtOAc/hexanel 
158-160<5C. 

W nCD3,,S0,, ,400 ™.,; 6 5.37 ,s, 1„, ™, , s.40 

'ddd, J . 8.2, 0.8, 1.3 l„, „_6.,, 7.42 ,s, 1„ 

aromatic, 7.30 ,t, .-8.1 Hz, IH, H-5 ■ , , ,.21 ,ddd, 
■7 - 8.2, 1.0, 1.9 Hz, IH, H-4 ■ ) , 7.09 (s, IH 
aromatic, 5.36 ,s, 2H, NHj ) , 4.20 ,t, J . 6^2 Hz, 2H, 
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CH2CH2CH2O) , 3.59 (t, J" = 4.6 Hz, 4H, morpholino 
methylene), 2.50 (t, J = 1 ,3 Hz, 2H, NCH2CH2CH2 ) , 2.39 
(br s, 4H, morpholino methylene), 1.99 (quintet, 
J- = 6.7 Hz, 2H, CH2CH2CH2). 

^^C NMR: 5 154.88, 151.94, 150.19, 144.84, 141.94, 
138.50, 130.16. 124.66, 123.02, 121.09, 119.65, 110.42, 
106.37, 100.81, 66.45, 66.14 (x2), 54.77, 53.29 (x2), 
25 . 50 . 

Analysis calculated for C22H2 4 BrN502 * 0 . 25 H2O requires: 

C, 54.5; H, 5.3; N, 15.1%. 
Found: C, 54.6; H, 5.5; N, 15.0%. 

To a stirred solution of the above 6-amino- 
quinazoline (0.50 g, 1.09 mmol), acrylic acid (6 mol, 
6.54 mmol, 449 uD , and Et3N (excess, 2.0 mL) in DMF 
(20 mL) under N2 was added 1- (3 -dimethyl -aminopropyl ) - 
3-ethylcarbodiimide hydrochloride (EDCIHCl) (3 mol, 
3.27 mmol, 627 mg) . The reaction was stirred at O^C 
for 15 minutes and then allowed to warm to room 
temperature and stirred for a further 2 hours . The 
solvent was removed under reduced pressure, and the 
resulting residue was diluted with saturated IMaHC03 and 
repeatedly extracted with EtOAc. The combined organic 
extracts were washed with brine, dried over anhydrous 
Na2S04, and concentrated under reduced pressure. 
Chromatography on Grade III alumina eluting with 
EtOAc/hexane (9:1) toMeOH/EtOAc (2:98), N-[4-[(3- 
bromophenyl ) amino] -7- [ (3-morpholino)propyloxy] - 
quinazolin-6-yl] acrylamide (329 mg, 59%) as a cream 
powder, mp ( EtOAc/Et20/hexane ) 170-172°C. 

^H NMR [(003)250]: 8 9.78 (s, IH, CONH) , 9.62 (s, IH, 
NH) , 8.89 (s, IH, aromatic), 8.56 (s, IH, aromatic), 
8.18 (t, J = 1.9 Hz, IH, H-2'), 7.88 (br d, J* = 8.2 Hz, 
IK, H-6 • ) , 7,34 (t, J- = 8.1 Hz, IH, H-5'), 7.30 (s, IH, 
aromatic), 7.27 (ddd, J = 7.9, 1.4, 0.8 Hz, IH, H-4 ' ) , 
6.72 (dd, J = 17.0, 10.2 Hz, IH, CH2CHCO) , 6.33 (dd, 
jr = 17.0, 1.9 Hz, IH, CH2CHCO) , 5.83 (dd, J = 10.2, 
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1-9 H^, IH, CH2CHCO), 4.27 (t, J= 6.3 Hz 2H 

- 6.7 Hz, 2H, CH2CH2CH2) . 

^•^C NMR: 5 163.49 156 fis ic„ 

156.68, 154.96, 153.92, 149 iq 

" .t,.-, r 

54.54, 53.28 ( x2 ) , 25.31. ' ' 

Analysis calculated fnr* r lj r. 

C 55 3 r n ^2 4«2 6BrN5O3.0.5 H^O requires: 
:5b. J; H, 5.2; 13 4% 

I'ound: C, 55.3; h, 4.9; N, 13.3%.' 



EXAMPLE 22 

(2.40 g, 11.48 mmol ) in neat SOCln f25 ,r,i > 
2 drops Of DMF was refluxed for I Ja -n^-n-g 

clear. The excess SOCl ! ^^^""^^ 

ne excess SOCI2 ^as then removed in va^Mo a,,^ 

<-vj remove all traces of son 
giving crude 4-chloro-7-f luoro fin'. ^ 
wh^r^K ^-^"^^o-^-nitroquinazoline, 
which was dissolved in drv ph m /eo 

^ ^ ^ '^"2^12 (50 itiL) and added to 

a stirred solution of m-toluidino ^ 
(i Pv-ow^ .on coiuidine m isopropanol 

(-L-PrOH) (30 mL) . The r-*>ar.i--;^„ • ^ 

200c for ■ reaction mixture was stirred at 

20 for 30 minutes and then hexane (200 xnL, was added 
to precipitate the product as the HCl salt The 

ZTsTT ^^^^^^ -^^^ -d then 

dissolved m MeOH/H20 (4:1, 150 mL) ^ith gentle 

lono"'. ^^^^^ - -lution 

as hTLr I'"" P-cipitate the product 

as the free base which was then filtered, washed with 
water and dried under reduced pressure to 
7-f luoro-4- r (3-.ethylphenyl , -aminos -6-nitroquinazoline 
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(3.01 g, 88%) as a yellow powder , mp (CH2Cl2/i^exane) 
191-1920C. 

NMR [{CD3)2SO]: 5 10.38 (s, IH, NH) , 9.62 (d, 
J- = 8.1 Hz, IH, H-5), 8.67 (s, IH, H-2), 7.80 (d, 
5 J" = 12.6 Hz, IH, H-8), 7.63 (br d, J = 8.2 Hz, IH, 

H-6 ' ) , 7.60 (br s. IH, H-2 ' ) , 7.31 ( t , J = 7.8 Hz, IH, 
H-5 ' ) , 7.03 (br d, J = 7.5 Hz, IH, H-4 * ) , 2.35 (s, 3H, 
ArCH3 ) , 

Analysis calculated for Ci5H3^2^^4^2 ^e<5^i2res : 

10 C, 60.4; H, 3.7; N, 18.8%. 

Found: C, 60.6; H, 3.6; N, 19.0%. 

To a solution of 3 -morpholinopropan-l-ol 
(8.40 nunol, 1.22 g) in THF (40 mL) under N2 was added 
sodium metal (11.8 mmol, 0.27 g). The resulting 

15 suspension was stirred at 2 0*^C for 2 hours and then 

cannulated into a solution of 7-f luoro-4- [ (3-methyl- 
phenyl ) amino] -6-nitroquinazoline (0.70 g, 2.35 mmol) in 
THF (30 mL) under ^2 . The reaction procedure and 
workup above were followed to give after chromatography 

20 on silica gel eluting wi th .MeOH/CH2Cl2 /EtOAc (5:45:50) 

to MeOH/CH2C0 ■ 50/EtOAc (3:7:10) 4- [ ( 3 -methylpheny 1 ) - 
amino] -7- [ ( 3 -morpholino) propyloxy] -e-nitroquinazoline 
(0.87 g, 88%) as a yellow powder, mp (CH2Ci2/hexane) 
169-170<>C . 

25 ^H NMR [(CD3)2SO]: 5 10.00 (s, IH, NH) , 9.26 (s, IH, 

aromatic), 8.62 (s, IH, aromatic), 7.64 (br d, 
J = 8.1 Hz, IH, H-6M, 7.62 (br s, IH, H-2 ' ) , 7.45 (s, 
IH, aromatic), 7.29 (t, J- = 7.8 Hz, IH, H-5')> 5.99 
(br d, J- = 7.5 Hz, IH, H-4 • ) , 4.34 (t, J = 6.1 Hz, 2H, 

30 CH2CH2CH2O) , 3.58 (t, J = 4.6 Hz, 4H, morpholino 

methylene), 2.46 (t, J = 7.0 Hz, 2H, NCH2CH2CH2), 2.38 
(br s, 4H, morpholino methylene), 2.3 5 (s, 3H, CH3Ar) , 
1.94 (quintet, J = 6.6 Hz, 2H, CH2CH2CH2 ) . 
Analysis calculated for ^22^2 5^5^4 i^^Q^i^res : 

35 C, 62.4; H, 6.0; N, 16.5%. 

Found: C, 62.2; H, 6.1; N, 16.5%. 



BNSOOCIO: <WO 9738983A1_L> 
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10 



15 



25 



30 



A solution of the above nitroguinazoline (0.71 g 
1^68 mmol, in MeOH/EtOAc (2:1, 60 r^, was hydrogenated 
(60 psx) over Pd-C for 6 hours and then filtered 
through celite. The filtrate was then concentrated 
under reduced pressure to give 6-amino-4- fO-.ethyl- 

phenyl)amino]-7-K3-morpholino)propyloxyJgu.nazoline 
whxch was used without further characterization To a 
stxrred solution of this (0.7 g, 1.8 rmol), acrylic 
acxd (6 mol, 10.8 mmol, 776 uL) , and Et.N (excess 
4.0 mL) in DMF (20 mL) under was added 

1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (EDCI-HCl) (3 mol, 5.38 mmol 1 03 g) 
The standard procedure above was followed to give after 
Chromatography on silica gel elutxng w.th CH^Cl^/EtOAc 
(1:1) to MeOH/CH^Cl^/EtOAc (3:7:10), N- f 4 - H 3 -m^ thyl - 

phenyl)amino]-7-t(3-morpholino)propyloxy]guinazolin- 
6-yl]acrylamide (175 mg, 22%) as a cream powder 
mp (EtOAc/Et20) 69-720C. 

NMR [(CD3)2SO], (400MHz): 5 9.60 (s, IH, 



20 exchangeable), 9.59 (s, IH, NH) , 8.86 is, IH, H5) 

(s, IH, H2), 7.62 (br d, J = g.O Hz, IH, H-6 • ) , 7 



8.48 
61 



(br s, IH, H-2'), 7.26 (s, IH, H8), '7.25 (t 
J = 7.8 Hz, IH, H-5'), 6.92 (br d, J = 7 4 Hz IH 
H-4.), 6.70 (dd, ^=16.9, 10.2 HZ, IH, CH^CHCO ) , ' 6 . 32 
(cad, ^ = 16.9, 1.9 Hz, IH, CH2CHCO), 5.82 (dd 
^ = 10.2, 1.9 Hz, IH, CH2CHCO), 4.26 (t, j = 6.3 Hz 
2H, CH2CH2CH2O), 3.58 (t, ^-4.6 HZ, 4H, morpholino 
methylene), 2.48 (t, ^ _- 7.1 Hz, 2H, NCH2CH2CH2), 2.38 
(br s, 4H, morpholino methylene), 2.33 (s, 3H, CH.Ar) 
1.99 (quintet, J = 6.7 Hz, 2H, CH2CH2CH2) 
Analysis calculated for C25H29N5O3 • 0 . 25 H^O requires: 

C, 66.4; H, 6.6; N, 15.5%. 
Found: C, 66.3; H, 6.9; N, 15.9%. 



BNSDOCID: <WO ^9738983A1 J_> 
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EXAMPLE 23 

N- f 4 - f (3-MethvlDhenvl) amino 1 -7- [3- (4 ^N-methvl- 

1 . N"Dipera2ino)propoxv) auinazolin-6-vl 1 acrvlamide 

Sodium metal (10.1 mmol, 0.23 g) was added to a 
solution of 3-N- (4-methylpiperazinyl)propan-l-ol 
(6,71 rranol, 1.06 g) in THF (15 mL) under N2 . The 
resulting suspension was stirred at 20^C for 2 hours 
and then cannulated into a solution of 7 - f luoro-4 - [ ( 3 - 
methylphenyl ) amino] -6-ni troquinazoline (0.50 g , 
1.68 mmol) in THF (20 mL.) under N2 . The dark red 
solution was then heated at reflux for 24 hours before 
being diluted with water and extracted with EtOAc . The 
combined organic extracts were dried over anhydrous 
Na2SO^. concentrated under reduced pressure and 
chromatographed on alumina eluting with EtOAc/hexane 
(1:1) to EtOAc (2:3:5), to give 4 - [ ( 3 -me thylphenyl ) - 
amino ] -7- [ 3 -N- (4 -methylpiperazinyl ) propyloxy ] -6-nitro- 
quinazoline (0.57 g, 91%) as a yellow powder, 
mp (Et20/hexane) 155-156"^C. 

NMR t(CD3)2SO]: 5 10.00 (s, IH, NH) , 9.26 (s, IH, 
H5, H2H5), 8.61 (s, IH, H2 ) , 7.64 (br di, J = 8.4 Hz, 
IH, H-6'), 7.62 (br s, IH, H-2 ' ) , 7.43 (s, IH, H8 ) , 
7.29 (t, J" = 7.8 Hz, IH, H-5'), 6.99 (br d, J* = 7.4 Hz, 
IH, H-4'), 4.32 (t, J = 6.0 Hz, 2H, CH2CH2CH2O), 2.44 
(t, J = 7.0 Hz, 2H, NCH2CH2CH2), 2,39-2,28 (br s, 8H, 
piperazinyl methylene), 2.34 (s, 3H, CH3Ar) , 2.14 (s, 
3H, CH3N) , 1.92 (quintet, J" = 6.6 Hz, 2H, CH2CH2CH2 ) . 
Analysis calculated for CH28N5O3 requires: 

C, 63.3; H, 6.5; N, 19.3%. 
Found: C, 63.4; H, 6.8; N, 19.6%. 

A solution of the above nitroquinazoline (0.61 g, 
1.40 mmol) in MeOH/EtOAc (2:1, 50 mL) was hydrogenated 
(60 psi) over Pd-C for 5 hours and then filtered 
through celite. The filtrate was then concentrated 
under reduced pressure and chromatographed on Grade III 
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alumina eluting with MeOH/EtOAc (5-95W^ • 

rapidly dxscolor and was used without further 

3 characterization. To a c^t- i -r-.-^^ 

• ro a stirred solution of this 

(0.36 g, 0.89 mmol) , acrylic acid ( 6 mol 5 53 rr^n^ 

366 PL), and EtoN (excess 2 n n,r / • ' 

added -n-dij::;;.:,: 

carbodxi^ide hydrochloride (EDCLHCl, ,3 .ol, 

£oHo""d : ■ ^"""^^^ procedure above was 

followed o ,.ve, after chromatography on Grade III 
alumina eutina with EtOAc to «eOH/KtOAc ,2,98,, N- 

pro^o r ^""''^^"°'-'-"-"-'-"-'>V'P-eraz nyl - 
Propylo.y,<^.„azolin-6-yl,acryla„ide ,65 16*, ,s a 

15 colorless glass, (Et^O/hexane, 60-66oc 

HN«R ,,CD3,2SO), 5 9.60 (s, IH, N„, , 9.59 „ 

r aV: 'V"- 

•-^ - 0.0 Hz, IH, H-fi ' ) -70/1- 

' H-2'), 7 25 (t 

20 .T' ^-^^ <br d 

Too 

^ = 10.2Hz, IH, CH2CHCO), 6.31 (dd, ^ = 16 9 1 8 Hz 
IH, CH2CHCO), 5.83 (dd, ^ . 10 2 1 8 Hz ^u nl 
4 24 f^ T ^ 1-8 Hz, IH, CH2CHCO), 

4-24 (t, J= 6.3 Hz, 2H, CH2CH2CH2O) , 2.47 ,t 



^ = 7.1 HZ, 2H, NCH2CH2CH2,, 2.41-2.28 (br s ' 8H 
pxperazinyl .ethylene), 2.33 (s, 3H, CH3Ar, , 2. 15 ,s 
3H, CH3N), 1.97 (quintet, ^ = 6 . 8 Hz , 2H CH CH CH ^ ' 
EX HRMS (M^) C2eH32M,02 requires 460.258; 
Found: 460.2576. 

EXAMPLE 24 

B iPcrfltipo)propo^Yn.Hnp,~niin.6-„i,.„„., ,^.^. ^ 

1-01 Is ^l''''^"? °' ^-"-'^-""hylpiperazinyl.propan- 

added sod.„„ metal ,13.2 mmol, 0.30 g, . The reciting 
suspension was stirred at 20oc for 2 hours and then 
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cannulated into a solution of 4- [ ( 3-bromophenyl ) amino] - 
7-f luoro-e-nitroquinazoline [J Med Chem. 1996 (39) :918] 
(0.80 g, 2.20 nunol ) in THF (30 mL) under N2 . Identical 
reaction procedure and workup as in the previous 
example gave, after chromatography on silica gel 
eluting with MeOH/CH2Cl2 /EtOAc (1:9:10) to 
MeOH/CH2Cl2'/EtOAc (2:3:5), 4- [ ( 3 -bromopheny 1 ) amino] -7- 
[3-N- ( 4-methylpipera2inyl ) propyloxy] -6-ni troquinazoline 
(0.36 g, 33%) as a yellow powder, mp ( tr ihydrochlor ide 
salt) (MeOH/EC20) 233^0 (dec) . 

MMR (free base, (€03)230]: 5 10.12 (s, IH, NH) , 
9.24 (s, IH, H5), 8.69 (s, IH, H2 ) , 8.19 (brs, IH, 
H-2*), 7.88 (br d, J- = 7.8 Hz, IH, H-6 * ) , 7.47 (s, IH, 
H8), 7.38 (t, J = 7.8 Hz, IH, H-5 ' ) , 7.34 (dt, 

= 8.0, = 1.3 Hz, IH, H-4'), 4.33 (t, J = 6.1 Hz, 

2H, CH2CH2CH2O) , 2.45 (t, J- = 7.0 Hz, 2H, NCH2CH2CH2 ) , 
2.42-2.29 (br s, 8H, piperazinyl methylene), 2.15 (s, 
3H, CH3N) , 1.92 (quintet, J = 6.7 Hz, 2H, CH2CH2CH2). 
Analysis calculated for C22H2 5BrN503 • 3HC1 - H2O requires: 

C, 42.0; H, 4.8; N, 13.4; CI, 16.9%. 
Found: C, 42.1; H, 4.5; N, 13.3; CI, 16.9%. 

Freshly washed (IN HCl then distilled H2O) iron 
powder (4 mol eq. , 0.138 g) was added in portions to a 
refluxing solution of the above ni troquinazoline 
(0.31 g, 0.62 mmol) in EtOH/H20 (2:1, 50 mL) containing 
glacial acetic acid (1.0 mL) . The resulting suspension 
was heated at reflux with vigorous stirring for 
20 minutes then cooled, basified by the addition of 
concentrated NH3 , and filtered through a pad of celite. 
The celite pad was washed with EtOH before the filtrate 
was concentrated under reduced pressure, diluted with 
water, and extracted with EtOAc. The combined organic 
extracts were dried over anhydrous Na2S04, concentrated 
under reduced pressure and chromatographed on Grade III 
alumina, eluting with MeOH/EtOAc (5:95), to give 
6-amino-4- [ ( 3 -bromopheny 1 ) amino] -7- [3-N- ( 4-methyl- 
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Piperazi„yl,p.»p^l„.^j<^i„^^„^._^^ ,333 ^_ 
cream powder, mp (CHsClj) a71-l72oc 
H«„K nC0„S0,: 6,.3. ™, , e.3a 

- 8.2, 0.8, 1.9 Hz, IH, H-6.,, 7.40 ,s, 1„ „5, 7 30 
(t, J- = 8.0 Hz IH u '' --^^ 

o.u HZ, IH, H-5'), 7.20 (ddd, J = 8 3 in 
1.9 Hz, IH, H-4-), 7.09 (s, IH H8 ) S ..l T 
4 19 (t T ~ o ^J . ^ . XH, H8), 5.34 (s, 2H, NH, ) , 
4.19 (t. ^ 6.2 Hz, 2H, CH^CH^CH^O, , 2.49 (obscured t 
^ = 7 Hz, 2H, NCH.CH^CH^), 2.43-2.29 (br s, 8H 
Pxperazxnyl methylene), 2.16 ,3, 3H, CH,N) i 97 
(quintet, ^ = 6.8 HZ, 2H, CH^CH^CH, ) ' ' 

Analysis calculated for C22H,,BrN^o • 1 25H o 

^2 27'=rwgu I.25H2O requires; 
C, 53.5; H, 5.0; N, 17 0% 
Found: C, 53.5; H, 5.7; N, 17.0%' 

(excess, i.o n^) ^^O mL, under was added to a 

st.rred solution of the above a.ino^inLoline (223". 
0.47^01), and l-(3-d.n.ethylan,inopropyl)-3-ethyl- 
carbodiimide hydrochloride (EDCI-HCl) (3 mol 
1.42 nunol, 273 n,g, . The standard procedure ^bove was 
followed to give after chromatography on Crade XXX 
^2^87 : HtOAc/hexane (l:l) toMeOH/EtOAc 

( 2 . 98 , , N- f 4 - f ( 3 -bromopheny 1 ) amino ] - 7 - p -h- ( 4 -methyl - 

P.perazxnyl,propyloxy3guinazolin-6-yl3acrylamide 
(145 mg, 58%) as a cream powder, .p (CH^Cl^/Et^O/ 
hexane) 105-107oc. ^ ^ ^ 

^HNMR t(CD3,2SO]: 5 9.78 (s, IH, CONH) , 9.61 (s IH 
(t, ^ = 1.9 HZ, IH, H-2.,, 7.87 (br d, ^ = 8 5 Hz IH 

Hs" ■^;2V:b"d'-"^"^' - - 

H8). 7.27 (br dt, =8Hz, . , hz , IH, H-4 • , 6 72 

dd, ^-17.0, 10.3 HZ, IH, CH2CHCO), 5.32 (dd, 
J = 17.0, 1.9 Hz, IH, CH2CHCO), 5.83 (dd 
^ = 10.2, 1.9 Hz, IH, CH2CHCO), 4.26 (t,'j = 6 3 Hz 
2H. CHpCH,CH-,0) , 2 47 ^^ t -7 , 

2 2 2^' ' ^.47 (t, J- = 7.1 Hz, 2H, NCH2CH2CH2 ) , 
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2.42-2.27 (br s, 8H, piperazinyl methylene), 2.15 (s, 
3H, CH3N) , 1.98 (quintet, J = 5.7 Hz, 2H, CH2CH2CH2 ) . 
Analysis calculated for €3 5H29BrNg02 ■ 0 . 5H2O requires: 

C, 56.2; H, 5.7; N, 15.7%. 
Found: C, 56.3; H, 5.6; N, 15.5%. 

EXAMPLE 2 5 

N- r4 - f ( 3 -BromoTDhenvl ) amino 1 -7 - f 3 - ( 1 . N-imidazvl)pror>oxv1 
auinazolin-6-vl 1 acrvlamide 

To a suspension of hexane-prewashed sodium hydride 
(5.50 mmol, 220 mg of a 60% dispersion in mineral oil) 
in THF (20 mL.) was cannulated a solution of 

3- N- (imidazoyl)propan-l-ol (4.84 mmol, 0.61 g) in THF 
(30 mL) . The resulting suspension was stirred at 20°C 
under N2 for 2 hours during which time the required 
sodium alkoxide partially precipitated from solution, 
Solid 4- [ ( 3-bromophenyl) amino] -7-f luoro-6-nitro- 
quinazoline [J Med Chem, 1996 ( 3 9 ) : 918 ] (0.80 g, 

2.20 mmol) was then added to this suspension to give a 
dark red solution which was heated at reflux for 
24 hours before being diluted with water and extracted 
with EtOAc - The combined organic extracts were dried 
over anhydrous Na2S04, concentrated under reduced 
pressure and chromatographed on silica gel eluting with 
CH2Cl2/EtOAc (1:1) to MeOH/CH2Cl2/EtOAc (3:7:10), 

4- [ (3-bromophenyl) amino] -7- [3-N- ( imidazoyl ) propyloxy ] - 
6-nitroquinazoline (524 mg, 51%) as a yellow powder, 
mp (CH2Cl2/hexane) 212-215^0. 

^H NMR t(CD3)2SO): 5 10.16 (S, IH, NH ) , 9.30 (s, IH. 
H5), 8.70 (s, IH, H2), 8.19 (t, J = 1.6 Hz, IH, H-2 ' ) , 
7.88 (dt, = 7.8 Hz, = 1.5 Hz, IH, H-6 ' ) , 7.63 (s, 

IH, imidazoyl methine) , 7.48 (s, IH, H8), 7.39 (t, 
J = 7.9 Hz, IH, H-5'), 7.35 (dt, = 8.0 Hz, 

= 1.6 Hz, IH, H-4 • ) / 7.21 (s, IH, imidazoyl 
methine), 6.90 (s, IH, imidazoyl methine), 4.22 (t, 
J- =: 6.0 Hz, 2H, CH2CH2CH2), 4.18 (t, J- = 6 . 8 Hz, 2H, 
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CH^CH.CH^,, 2.26 ,^i„.et, 6.4 Hz. 2H. CH.CH^CH,,. 

An^lys.s calculated for C^QHi^BrN^Oj reguiresf 

C, 51.2; H, 3.6; N, 17.9%. 
Found: C, 51.0; H, 3.6; N, 17.6%. 

Freshly washed (IN HCl then distilled H,0) iron 
powder (4 mol, 0.241 g) was added in portions to a 
refluxing solution of the above 6-nitroquinazoline 
(0.51 g, 1.08 mmol, in EtOH/H^O (2:1, 60 mL) containing 
glacxal acetxc acid (0.7 mL) . identical reaction 
procedure and workup as in the previous example gave 
after chromatography on Grade in alumina eluting with 
MeOH/EtOAc (5:95), 6-amxno-4- [ (3-5romophenyl ) - 
am.no,-7-f3-N-(imidazoyl)propyloxy]<^inazoline (389 mg, 
82%) as a off-white powder, mp (CH^ci^ /Et^O) 178-180oc 
^HNMR [(CD3,,SO]: 6 9.37 ,s. IH, g 38 (s IH ' 

H2), 8.22 (t, J = 1.8 Hz, IH, H-2 • ) , 7.86 (br d' ' 
^ = 8 1 Hz, IH, H-6-), 7.66 (s, IH, imidazoyl methine) , 
7-40 (s, IH, H5), 7.30 (t, J - 8.1 Hz, IH, H-5 • ) , 7 23 
(s, IH, xmidazoyl methine), 7.21 (br d, J" = 7 7 Hz IH 
H-4'), 7.06 (s, IH, H8), 6.90 (s, IH, imidazoyl 
methine), 5.45 (s, 2H, mi^^ , 4.28 (t, ^ = 7 1 Hz 2h 
CH2CH2CH2), 4.10 ,t, a - 5.8 HZ, 2H, CH^CH^CH^ ) , ' 2 . 2 ^ 
(quintet, J = 6 . 5 Hz , 2H, CH2CH2CH2). 

Analysis calculated for C2oHi9BrN60 • 0 . SH^O requires: 

C, 53.6; H, 4.5; N, 18.7%. 
Found: C, 53.6; H, 4.5; N, 18.6%. 

To a stirred solution of 6-amino-4- [ (3-bromo- 
phenyl , amino ] -7- [3-N- (imidazoyl,propyloxy]guinazoline 
(383 mg, 0.87 mmol), acrylic acid (6 mol, 5.23 mmol 
359 uL), and pyridine (excess, 1.0 mL) in DMA (20 mL) 
under N2 was added 1- (3-dimethylaminopropyl ) - 
3-ethylcarbodiimide hydrochloride (EDCIHCl) (5 mol 
4.36 mmol, 838 mg) . The standard procedure above was 
followed to give after chromatography on Grade in 
alumina eluting with EtOAc/hexane (1:1, to MeOH/EtOAc 
(5:95), N- [4- ( (3-bromophenyl) amino] -7- [3 -N- ( imidazoyl ) - 
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propyloxy ] quinazolin-6-yl ] acrylamide (9 mg, 2%) as a 
cream powder, mp {CH2CI2 /Et20/hexane) 235-237<^C. 

NMR [{CD3)2SO]: 5 9.79 (s, IH, CONH) , 9.60 (s, IH. 
NH) , 8.88 (s, IH, H5), 8.55 is, IH, H2) , 8.18 (t, 
c7 = 1.9 Hz, IH, H-2 ' ) , 7.87 (ddd, J = 8.2, 1.8, 1.0 Hz, 
IH, H-6'), 7.64 (s, IH, imidazoyl methine), 7.34 (t, 
J = 8.0 Hz, IH, H-5'), 7.28 {br dt, = 8.0 Hz, 

= 1.2 Hz, IH, H-4 • ) , 7.27 (s, IH , H8 ) , 7.21 (t, 
J- = 1,3 Hz, IH, imidazoyl methine), 6.89 (br s, IH, 
imidazoyl methine), 6.73 (dd, J = 17.0, 10.2 Hz, IH, 
CH2CHCO) , 6.34 (dd, J- = 17.0, 1 . 8 Hz , IH, CH2CHCO) , 
5.85 (dd, J = 10.2, 1.8 Hz, IH, CH2CHCO) , 4.22 (t, 
J- = 6.9 Hz, 2H, CH2CH2CH2), 4.14 (t, J' = 6 . 0 Hz , 2H , 
CH2CH2CH2), 2.27 (quintet, c7 = 6 . 4 Hz , 2H, CH2CH2CH2 ) . 
Analysis calculated for CH23H2iBrNg02 * 0 . 75H2O requires: 

C, 54.5; H, 4.5; N, 16.6%. 
Found: C, 54.5; H, 4.4; N, 16.2%. 

EXAMPLE 2 6 

N~ f 4 - r (3 -Bromoohenvl ) amino 1 ~7 ~ f 4 ~ (N . N-dimethyl - 
amino ) butoxv 1 ouinazolin- 6 -yl ] aery 1 amide 

To a suspension of hexane prewashed sodium hydride 

(11.0 mmol , 440 mg of a 60% dispersion in mineral oil) 
in THF (20 mL) was cannulated a solution of 4-(N,N- 
dimethylamino)butan-l-ol (8.80 mmol, 1.03 g) in THF 

(30 mL) , The resulting suspension was stirred at 20^C 
under N2 for 2 hours and then cannulated into a 
solution of 4-1 (3-bromophenyl ) amino] -7-f luoro-6- 
nitroquinazoline {J Med Chem, 1996;39:918-928) (0.80 g, 
2.20 mmol) in THF (30 mL) under N2 . The dark red 
solution was then heated at reflux overnight. 
Identical workup as above gave, after chromatography on 
grade III alumina eluting with EtOAc to MeOH/EtOAc 

(5:95) to give 6 -amino- 4- [ (3-bromophenyl ) amino] -7- ( 4- 

(N, N-dimethylamino)butyloxy]quinazoline (310 mg, 3 3%) 
as a pale brown powder, mp (CH2 CI 2 /hexane) 155-156°C. 
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C(CD3,,S0K (400 MHZ): 5 9.36 (s, IH, , 
7.86 (br d, J = 8.0 Hz, IH, H-6 ■ ) , 7.41 (s IH 

a 8.2 H. ^ = 0.8 HZ, ^ - 1.8 Hz, IH, H-4 ■ , , 7.09 (s 
IH, aromatxc, 5.32 (s, 2H, NH^ ) , 4.17 ,t, ^ _- 6.2 Hz ' 
2H, CH2CH2CH2CH2O) , 2.47 (t, ^ = 7 3 Hz 2H 
NCH.CH CH.CH 2.15 (s, 6H, NCCH3),), ;.84'(™,, 
,0 ' ^»2CH2CH2CH2), 1.62 (quintet, 

10 J = 6.9 Hz, 2H, CH2CH2CH2CH2) 

Analytical calculated fo. C20H, .BrN^O • y, „20 requires- 

54.7; H, 5.7; N, 15.9% 
Found: C, 54.3; H, 5.8; N, 15.8%. 

To a stirred solution of the above 
6-aminocruinazoline (276 n.g, 0.64 xnmol), acryl.c acid 

6 mol eq., 3.85 mmol, 264 roL) , and Et3N (excess, 
1.0 mL) in DMA (10 mL) under N2 was added l-(3- 

(EDCI HCl) (3 mol eq., 1 . 92 nunol, 369 mg) . The 
standard procedure above was followed to give after 
chromatography on grade III alumina eluting with 
EtOAc/hexane (1:1) to MeOH/EtOAc (3:97), M-[4-[(3 

bromophenyl)amino]-7-[4-(N,N-dimethylamino)butyloxyJ- 
quxnazolin-6-yl]acrylamide (98 xng, 32%) as a crean> 
powder, mp {CH2Cl2/Et20) 112-115°C 

H^R [(CD3)2SO,, (400 ^z): 6 9.77 (s, IH, CO^, , 
9-62 (s, IH, NH), 8.88 (s. IH, aromatic), 8.56 (s. IH 
aromatic), 8.17 (t, .-X.9Hz, IH, H-2 • ) , 7.87 (ddd/ 

30 J = 8.0 Hz, IH, H-5') 7 29 ( ^u • 

'-^^ is, IH, aromatic), 7.27 
(ddd, J = 8.2 HZ, J - 1.8 HZ, J _- 1.0 HZ, IH, H-4 ■ ) , 

tdl " ^"2CHCO,, 6.32 

(dd, ^ = 17.0 HZ, ^ - l.s HZ, IH, CH2CHCO), 5.82 (dd, 
J = 10.2 HZ, J = 1.9 HZ, IH, CH2CHCO), 4.24 (t, ^ = 
6.6 Hz, 2H, CH2CH2CH2CH2O), 2.27 (t, J = 7.2 Hz 2H 
NCH2CH2CH2CH2). 2.12 (s, 6H, M(CH3)2,, 1-85 (qu^nte;. 
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J- = 6.9 Hz, 2H, CH2CH2CH2CH2 ) , 1.60 (quintet, J = 
7 . 4 Hz , 2H , CH2CH2CH2CH2 ) . 

Analysis calculated for C23H26BrN502 • 1 . 25 H2O requires: 
C, 54.5; H, 5.7; N, 13.8%. 
5 Found: C, 54.5; H, 5.3; 13.7%. 

EXAMPLE 27 

N- [4- f (3-Bromophenvl ) amino] cruinazolin-6-vl 1 -N- r3- 
morpholinopropvl 1 acrvlamide 

10 A stirred solution of N- [ 4 - [ ( 3 -bromophenyl ) amino ) - 

quinazolin-5~yl ] acrylamide (1.78 g, 4.82 mmol), 
morpholine (excess, 4.0 itiL) and p- toluenesul f oriic acid 
(catalytic) in THF (50 niL) was heated at 50^0 for 
4 hours before being concentrated under reduced 

15 pressure, diluted with water and extracted with EtOAc . 

The combined organic extracts were washed with brine, 
dried over anhydrous Na2SO/|, concentrated under reduced 
pressure, and chroma tographed on silica gel eluting 
with MeOH/CH2Cl2/EtOAc (15:40:45) to give N-[4"[(3- 

20 bromophenyl ) amino] cfuinazolin-6-yl ] - 3 -morpholino- 

propylamide (1.86 g, 7 8%) as a cream powder, mp (EtOAc) 
184-186°C. 

^H NMR [(CD3)2SO]: 5 10.37 (s, IH, CONH) , 9.91 (s, IH , 
NH) , 8.72 (d, J = 1,9 Hz, IH, H-5), 8.58 (s, IH, H-2 ) , 

25 8.17 (t, J = 2.1 Hz, IH, H-2 ■ ) , 7.86 (m, 2H, H-7, 6'), 

7.78 (d, J = 8.9 Hz, IH, H-8), 7.35 (t, J = 8.0 Hz, IH, 
H-5'), 7.29 (dt, = 1.2 Hz, J"^ = 8.0 Hz, IH, H-4 * ) , 

3.40 (t, J" = 4.6 Hz, 4H, morpholino methylene), 2.69 
(t, J = 6.6 Hz, 2H, NCH2CH2CONH) , 2.58 (t, J = 6.6 Hz, 

30 2H, NCH2CH2CONH) , 2.44 (br s, 4H, morpholino 

methylene) . 

^^C NMR: 5 170.24, 157.18, 152.86, 146.48, 141.13, 
136.87, 130.21, 128.39, 127.01, 125.74, 124.21, 121.03, 
120.79, 115.40, 111.46, 66.09 (x2), 54.04, 53.00 (x2), 
35 33.66. 
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Analysis calculated for C2iH22BrN502 requires: 

C, 55.3; H, 4.9; N, 15.3%. 
Found: C, 55.1; H, 5.2; N, 15.2%. 

To a stirred solution of the above amide (0.85 g, 
1.86 mmol) in THF (30 mL) under N2 at 0°C was added 
BH3DMS (2 mol eq., 372 pL of a 10 M solution) 
dropwise. The resulting solution was allowed to warm 
to 25°C and was stirred for 2 hours before being 
quenched by the cautious addition of IN HCl (40 mL) . 
The reaction mixture was then stirred at SO^C for 
2 hours, basified by the addition of saturated Na2C03 . 
and extracted with EtOAc . The combined organic 
extracts were washed with brine, dried over anhydrous 
Na2S04, concentrated under reduced pressure, and 
chroma tographed on silica gel eluting with 
MeOH/CH2Cl2/EtOAc (3:8:8) to give 4- [ ( 3 -bromophenyl) - 
amino] -6- t ( 3 -morpholinopropyl ) amino] quinazoline 
(130 mg, 16%) as a yellow glass (ca. 90% pure by nmr) . 
This was used without further purification. 
20 1h nmr [(CD3)2S0]: 6 9.40 (s, IH, NHAr ) , 8.37 (s, IH, 

H-2), 8.17 (t, J = 1.9 Hz, IH, H-2 ' } , 7.91 (br d, 
J- = 8.2 Hz, IH, H-6'), 7.54 (d, J = 9.0 Hz, IH, H-8), 
7.34 (t, J- = 8.0 Hz, IH, H-5 ' ) , 7.27 (m, 2H, H-4 ' , 1) , 
7.16 (d, J = 2.2 Hz, IH, H-5), 6.25 (t, J = 5.1 Hz, IH, 
25 CH2NH), 3.59 (t, J- = 4.5 Hz, 4H, morpholino methylene), 

3.22 (q, J = 6.0 Hz, IH, CH2NH) , 2.45 (t, J = 6.9 Hz, 
2H, CH2CH2CH2NH) , 2.39 (br s, 4H, morpholino 
methylene), 1.82 (quintet, J = 7.0 Hz, 2H, CH2CH2CH2). 

To a stirred solution of the above amine (133 mg, 
0.30 mmol), acrylic acid (4 mol eq., 1.20 mmol, 83 pL) , 
and Et3N (excess, 0.5 mL) in DMF (5.0 mL) under N2 was 
added 1- ( 3-dimethylaminopropyl ) -3-ethylcarbodiimide 
hydrochloride (EDCI-HCl) (2.0 mol, 0.60 mmol, 115 mg) . 
The standard procedure above was followed to give, 
after chromatography on silica gel eluting with 
EtOAc:CH2Cl2 (1:1) to MeOH/CH2Cl2/EtOAc (3:7:10), 
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N- [4 - [ (3-bromophenyl) amino]quinazolin-6-yl] -N- [3- 
morpholinopropyl] acrylamide (39 mg, 26%) as a cream 
powder, mp {CH2CI2 /hexane ) 171-175^0, 

NMR t(CD3)2SO]: 5 9.86 (s, IH, NH) , 8.70 (s, IH, 
5 H-2), 8.52 (d, J = 2.0 Hz, IH, H-5), 8.20 (t, 

J = 1.9 Hz, IH, H-2'), 7.91 (br d, JT = 8.6 Hz, IH, 
H-6'), 7.89 (d, J = 8.9 Hz, IH, H-8), 7,79 (dd, 
J = 8.8 Hz, J = 2.1 Hz, IH, H-7 ) , 7.38 (t, J = 7.9 Hz, 
IH, H-5'), 7.33 (dt, = 8.4 Hz, J-^ - 1.7 Hz, IH, 

10 H-4 ' ) , 6.22 (dd, J = 16.7, 2.3 Hz, IH, CH2CHCO) , 6.05 

(br s, IH, CH2CHCO) , 5.61 (br d, J" = 8 . 8 Hz, IH, 
CH2CHCO), 3.87 (t, J = 7.4 Hz, 2H, CH2NRCO) , 3.49 (t, 
J" = 4.5 Hz, 4H, morpholino methylene), 2.28 (t, 
J- 7.1 Hz, 2H, CH2CH2CH2NRCO) , 2.27 (br s, 4H, 

15 morpholino methylene), 1.69 (cjuintet, J = 1,3 Hz, 2H, 

CH2CH2CH2) DEI HRMS (M^) . 

Calculated for C24H26Br^^N502 : 497.1249 
Found: 497.1250. 

20 EXAMPLE 2 8 

r 4" ( 3 -Bromo -phenyl amino ) -auinazolin-6-vl loroipanamide 
To a solution of 6-amino-4- [ ( 3 -bromophenyl) amino] 
quinazoline (157 mg, 0.5 mmol) in dry THF (3 mL) 
stirred under N2 at 25^C was added dropwise propionyl 

25 chloride (0.05 mL, 0.58 mmol). A yellow solid formed 

at once. After 45 minutes the solid was collected by 
filtration and washed with ether and dried. 
Recrystallized from wet methanol afforded the desired 
product (97 mg, 47%), mp 265-2660C. 

30 ^H NMR [(003)2^0]: 6 11.3 (brs, IH, NH ) , 10.53 (s, IH, 

NH) , 9.02 (s, IH, H5), 8.88 (s, IH, H2 ) , 8.00-7.97 (m, 
2H, H7, H2*), 7.89 (d, J = 9.1 Hz, IH, H8 ) , 7.71(d, 

= 7.8 Hz, IH, H6* ) , 7.50 (d, J" = 8.3 Hz, IH, H4 * ) , 
7.45 (t, J- = 8.1 Hz, IH, H5'), 2.45 (q, J = 7.3 Hz, 2H, 

35 CH2) , 1.15 (t, J- = 7.5 Hz, 3H, CH3) . 
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Mass Spectrum (CI): 373 (84, ^^BrMH^), 372 (4: 
8lBrM+), 371 (100, ''^Bj:MH^), 370 (28, '^^BrM*)] 
Calculated for C^7H;L5N4BrO HCl . 0 . 5H2O: 

C, 49.00; H, 4.11; N, 13.45%. 
Found: C, 48.89; H, 3.97; N, 13.36%. 



EXAMPLE 29 

N- f4- f (3-BromonhenvT ^am r no1mHr.azolin-fi-Yl ]- 
methacrvlami rlp> 

To a stirred solution of 6-amino-4- [ (3- 
bromophenyl) amino] guinazoline (J Med Chem, 
1995;38:3482) (0.50 g, 1.59 mmol ) in THF '{20 mL) under 
nitrogen was added EtjN (excess, l.O mL) , a catalytic 
amount of DMAP and methacryloyl chloride (1.1 mol eq., 
1.75 mmol, 171 uL) dropwise. The reaction was stirred 
at 2 5°C for 1.5 hours over which time two further 
amounts (50 pL) of methacryloyl chloride were added. 
The reaction was then diluted with saturated NaHC03 ^nd 
extracted with EtOAc. The combined organic extracts 
were dried over anhydrous Na2S04, concentrated under 
reduced pressure and chroma tographed on silica gel 
eluting with CH2Cl2/EtOAc (1:1) to MeOH/CHsCls /EtOAc 
(5:45:50). Recrystallization from EtOAc gave M-[4-[(3- 
bromophenyl) amino] quinazolin-6-yl] -2 -methylacrylamide 
(195 mg, 32%) as a cream powder, mp 244-245oc. 
1h NMR [(CD3)2SO]: 5 10.15 (s, IH, CONH) , 9.90 (s, IH 
NH), 8.80 (br s, IH, H-5), 8.60 (s, IH, H-2), 8.20 
(br s, IH, H-2'), 7.97 (br d, J = 8.6 Hz, IH, H-7), 
7.89 (br d, J = 7.7 Hz, IH, H-6 • ) , 7.80 (d, J = 8.9 Hz, 
IH, H-8), 7.35 (t, J- = 8.0 Hz, IH, H-5'), 7.30 (br d, 
J = 7.5 Hz, IH, H-4'), 5.94 (s, IH, CH2C (CH3 ) CO) , 5.62 
(s, IH, CH2C(CH3)CO) , 2.02 (s, 3H, CH2C (CH3 ) CO) . 
^^C NMR: 5 166.71, 157.17, 153.07, 146.69, 141.09, 
139.93, 136.62, 130.23, 128.24, 128.11, 125.73, 124.11, 
121.04, 120.66, 120.51, 115.19, 113.28, 18.60. 
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Analysis calculated for Ct 3H-|^5BrN40 requires: 

C, 56.4; 4.0; N, 14.5%. 

Found: C, 56.1; H, 3.9; N, 14.5%. 

5 EXAMPLE 3 0 

N- f 4- (3-Bromo-Dhenvlainino) -cruinazolin-6-vn ethenvl- 
sulfonamide 

To a stirred solution of 6-amino-4- [ ( 3- 
brompphenyl ) amino] quinazoline (vJ Med Chem, 
10 1995; 38 : 3482 ) (0.30 g, 0.95 mmol ) in THF (20 mL) under 

nitrogen was added Et3N (3.5 mol eq:, 3.33 mmol, 
245 uD , a catalytic amount of DMAP and 

chloroe thanesulf onyl chloride (1.2 mol eq., 1.14 mmol, 
119 yL) dropwise. The reaction was stirred at 25^C for 

15 1 hour and then diluted with saturated NaHC03 and 

extracted with EtOAc . The combined organic extracts 
were washed with brine, dried over anhydrous Na2S04 , 
concentrated under reduced pressure, and 
chroma tographed on silica gel eluting with 

20 MeOH/CH2Cl2/EtOAc (3:47:50). Crystallization from 

CH2CI2 /hexane gave N- [ 4- [ (3 -bromophenyl ) amino ] - 
quinazolin-6-yl] vinylsulf onamide (210 mg, 54%) as a 
cream powder, mp 217 (dec) . 

NMR [{CD3)2SO]: 5 10.31 (s, IH, SO2NH) , 9.96 

25 (s, IH, NH) , 8.60 (s, IH, H-2 ) , 8.20 (d, J = 2.0 Hz, 

IH, H-5), 8.14 (br s, IH, H-2 ' ) , 7.85 (br d, 
J- = 7.9 Hz, IH, H-6'), 7.81 (d, J = 8.9 Hz, IH, H-8), 
7.67 (dd, J = 8.9, 2.1 Hz, IH, H-7 ) , 7.37 (t, 
J" = 8.0 Hz, IH, H-5'), 7.32 (br d, J' = 8.1 Hz, IH , 

30 H-4 ' ) , 6.90 (dd, J = 16.4, 9.8 Hz, IH, CH2CHSO2 ) . 6.17 

(d, J = 16.4 Hz, IH, CH2CHSO2), 6.06 (d, J = 9,8 Hz, 
IH, CH2CHSO2) . 

^^C NMR: 5 157.18, 153.47, 147.17, 140.83, 136.02, 
135.48, 130.25, 129.03, 128.44, 127.77, 126.08, 124.60, 
35 121.18, 121.03, 115.43, 114.01. 
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Analysis calculated for gH^ 3BrN402S requires: 

C, 47.4; H, 3.2; N, 13.8%. 
Found: C, 47.7; H, 3.1; N, 13.8%. 

EXAMPLE 31 

N-f4-f (3-3romoDhenv^.laminn1rp . ina2o^^n-6-vn-F-Hn^-?- 
enamide 

To a solution of 6-amino-4- [ (3-bromophenyl ) amino] 
quinazoline (316 mg, 1.0 mmol) in THF (6 mL) stirred 
under N2 at O^C was added trans -crotonyl chloride. A 
yellow solid formed upon addition. The solid was 
collected by Buchner filtration after 2.5 hours and 
sonicated with EtOAc to give the title compound 
(216 mg, 52%), mp 279-281«>C. 
15 1h NMR [(CD3)2SO]: 6 11.55 <brs. IH, NH) , 10.78 (s, 

IH, NH) , 9.17 (d, J- = 1.9 Hz. IH. H5 ) , 8.97 (s, IH, ' 
H2), 8.12 (dd, J- = 9.1, 2.0 Hz, IH, H7 ) , 8.05 {t, 
J = 1.9 Hz, IH, H2' ) , 7.99 (d, -JT = 9 . 0 Hz , IH, H8 ) , 
7.76 (dd, J = 8.1, 2.0 Hz, IH, H6 ' ) , 7.58 (dd, J = 8.6, 
1.7 Hz, IH, H4'), 7.52 (t, J = 8.1 Hz, IH, H5 ' ) 7. 03-' 
6.94 (m, IH, [(CO)CH=], 6.34 (dd, J= 15.1, 1 . 7 ' Hz , IH, 
CH=CHCH3), 1-98 <dd, J = 6 . 8 , 1 . 4 Hz , 3H, CH3 ) . 
Mass Spectrum (CI): 385 (89, ^^BrMH""), 

384 (51, SlBrM*), 383 (100. ^^BrMH^), 332 (37, "^^BrM^). 
25 Calculated for C;L8%5N4BrO • HCl : 

C, 51.51; H, 3.84; N, 13.35%. 
Found: C, 51.29; H. 3.52; N, 13.13%. 

EXAMPLE 32 

N- [4- r (3-BromoDhenvl ) am ino } rni -i n^tzol in-6-vn -4 .4 .4- 
trif lii oro-E-but-2-enamide 

1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (192 mg, 1.0 mmol) was added to a 

solution of 6-amino-4t (3-bromophenyl) amino] quinazoline 
35 (158 mg. 0.5 mmol) and 4 . 4 . 4 , - trif luorobut-2-enoic acid 

(153 mg, 1.1 mmol) in THF/DMF (4:1, 2.5 mL) , stirred 
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under nitrogen at O^C. After 1 hour water (10 mL) was 
added and after 15 minutes the precipitate was 
collected by Buchner filtration. The residue was 
rinsed with water (2 x 5 mL) and ether (10 roL) and air 
dried. The solid was suspended in EtOAc, (10 mL) 
refluxed briefly, and sonicated for 10 minutes, and the 
solid was collected by Buchner filtration, rinsed with 
EtOAc (5 mL) and dried in a vacuum oven at 75^C for 
1.5 hours to give M- [ 4 - [ ( 3 -bromophenyl ) amino) - 
cjuinazolin-S-yl ] 4,4, 4~trif luorobut~2-enamide 
0.4 hydrochloride (76 mg, 3 3%) as a light yellow solid, 
mp 273-278<^C. 

Calculated for C;|^gH;j^3BrF3N40 • 0 . 4 HCl : 
C, 47.85; H, 2.77; N, 12.40%. 
Found: C, 47.89, H, 2.66; N, 12.27%. 

NMR [(CD3)2SO]: 5 11.09 (brs, IH, NH) , 10.43 (s, 
IH, NH) , 8.90 (s, IH. H2 ) , 8.70 (s, IH, H5 ) , 8.11 (s, 
IH, H2 • ) , 7.97 (dd, J = 2.5, 9.2 Hz, IK , H7 ) , 7.87 (d, 
J = 9.0 Hz, IH, H8), 7.81 (d, J = 6.9 Hz, IH, H6 ' ) , 
7.41-7.33 (m, 2H, H5 * & H4 ' ) , 7.11 (d, J = 16.4 Hz, IH, 
CH=CHCF3), 7.03 (dq, = 16.4 Hz, = 6.4 Hz, IH, 

CH=CHCF3 ) . 

Mass Spectrum (CI) 439 (78 ^^BrM""), 437 (100 '^^BrM'"). 

EXAMPLE 3 3 

N- r4 - f (3-BrQmophenvl)amino1cniinazolin-6-vn -proDvnamide 

1- { 3 -Dimethylaminopropyl ) -3 -ethylcarbodiimide 
hydrochloride (200 mg, 1.04 mmol) was added to a 
solution of 6-amino-4- [ ( 3 -bromophenyl ) -amino] 
quinazoline (158 mg, 0.5 mmol) and propiolic acid 
(0.08 mL, 1.1 mmol) in DMF (1.5 mL) stirred under M2 at 
0°C. The resulting solution was stirred at O^C for 
30 minutes and cjuenched with water. The formed fine 
solid was collected by Buchner filtration then 
dissolved in methanol and purified by preparative tic 
on silica, eluting with 10% MeOH/CHCl3 . The title 
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compound was isolated as a yellow solid (21 mg, 12%), 
mp >310«>C. 

1h NMR [(CD3)2SO]: 5 11.18 (brs, IH, NH) , 9.94 (s, IH 
NH), 8.75 (s, IH, H5), 8.59 (s, IH, H2 ) , 8.15 (s, iH 
H2-), 7.85-7.79 (m, 3H, H7 , H8, H6 ' ) , 7.37-7.28 (m, 2H 
H5' , H4') , 4.53 (s, IH, CH) . 

Mass Spectrum (CI): 369 (47, ^^BrMH* } , 368 (24 
8lBrM-), 367 (50, ^^Brmi^), 366 (13, 79^^^.,^ ^^^^^ 
Calculated for Ci-jHi-^l^^BrO : 

C, 55.61; H, 3.02; N, 15.26%. 
Found: C, 55.40; H, 2.84; N, 15.18%. 



EXAMPLE 3 4 

N- [4 - f (3-Bromonhenv] > ^T n ino 1 mH nazol in-fi-yH hn ^ 
vnamide 

To a solution of 2-butynoic acid (196 mg, 
2.3 mmol) and 1 - ( 3 -dimethylaminopropyl ) - 

3-ethylcarbodiimide hydrochloride (385 mg, 2.0 mmol) in 
DMF (5 mi) stirring at 2 5°C for 20 minutes was added 
6-amino-4- [ (3-bromophenyl)amino]guinazoline (316 mg, 
1.0 mmol). The resulting solution was stirred under N2 
at 25'>C for 14 hours further 1 -( 3 -dimethylaminopropyl ) - 
3-ethylcarbodiimide hydrochloride (206 mg, 1.0 mmol) 
and 2-butynic acid (82 mg, l.o mmol) were. After 
another 8 hours further, 1- (3-dimethylaminopropyl) -3- 
ethylcarbodiimide hydrochloride (197 mg, 1.0 mmol) and 
the acid (93 mg, 1.0 mmol) were added to the reaction. 
After stirring at 25°C a further 12 hours, the reaction 
was quenched with water. The yellow precipitate was 
collected, sonicated with acetone, treated with 
triethyl amine and purified by preparative tic on 
silica, eluting with 1:1 EtOAc/acetone . The desired 
product was isolated as a yellow solid (20 mg, 4.7%), 
mp 2 81- 2 830c. 

^H NMR t(CD3)2SO]: 5 10.97 (brs, IH, NH) , 9.93 (s, IH, 
NH), 8.76 (s, IH, H5), 8.57 (s, IH, H2 ) , 8.14 (s, IH, 
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H2'), 7.84-7.76 (m, 3H, H7 , H8 , H4 • ) , 7.34 (t, 

J- = 8.1 Hz, IK, 7,29 (d, J" = 7 . 8 Hz , IH, H6 ' ) , 

2 .09 (s, 3H, CH3) . 

Mass Spectrum (APCI): 383 (100, ^^BrMH""), 382 {23, 
5 ^^BrM**"), 381 (95, '^^BrMH-'). 

Calculated for C;^ QH-|^3N4BrO ■ 0 . 3HC1 • 0. 6C3HgO : 

C, 55.69; H, 3.99; N, 13.12%. 
Found: C, 55.67; H, 3.96; N, 12.93%, 



10 EXAMPLE 3 5 

N- f 4- ( 3 -Bromo-Phenvlamino) -ovrido [4 . 3 -dl pvr imidin-7 - 
yl 1 -acrvlamide 

To a stirred solution of 7-amino-4- [ ( 3- 
bromophenyl) amino]pyrido[4, 3-d]pyrimidine (kJ Med Che/n, 

15 1995;38 :3780) (140 mg, 0.46 iranol), DMAP (14 mg) and 

Et3N (excess, 2.0 mL) at 0<^C under N2 was added 
acryloyl chloride (4.8 mol eq., 182 uD dropwise over 
4 hours. The reaction was then stirred at 20°C diluted 
with water and extracted with EtOAc . The combined 

20 organic extracts were washed with brine, dried over 

anhydrous NeL2S0^ and concentrated under reduced 
pressure before being chromatographed on silica gel 
eluting with MeOH/CH2Cl2 /EtOAc (5:45:50), to give N-[4- 
[ ( 3 -bromophenyl ) amino Ipyrido (4 , 3-d] pyrimidin-7-yl ] - 

25 acrylcunide (12 mg, 7%) as a cream powder, 

mp {CH2Cl2/hexane) 215-220OC (dec). 

^H NMR [(CD3)2SO]: 5 11.15 (s, IH, CONH) , 10.25 
(s, IH, NH) , 9.67 (s, IH, H5 ) , 8.71 (s, IH, H2 ) , 8.40 
(s, IH, H8), 8.21 (t, J = 1.9 Hz, IH, H-2 ' ) , 7.88 (dt, 
30 = 7.6 Hz, = 1.5 Hz, IH, H-6 * ) , 7.38 (t, 

J = 7.7 Hz, IH, H-5'), 7.36 ( dt , J"^ = 7.7 Hz, J. = 
1.5 Hz, IH, H-4'), 6.68 (dd, J = 17.1, 10.2 Hz, IH, 
CH2CHCO), 6.39 (dd, J ^ 17.0, 1.8 Hz, IH, CH2CHCO) , 
5.86 (dd, J = 10.1, 1.8 Hz. IH, CH2CHCO) . 

35 
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EXAMPLE 3 6 

N- f 4- ( 3 -Bromo-phenylamino ) -pyrido f ^ , 4 -d1 nvr-i mi h ^ r.-^- 
Vl 1 -a crvlamit; ^P» 

A suspension of 6-fluoropyrido[3 , 4-d]pyrimidine- 
4(3H)-one (U.S. Patent Application 08/358,352, 1994) 
(1.65 g) in 50 mL thionyl chloride and several drops of 
dimethyl formamide was heated under reflux until a 
clear solution was obtained (20 minutes), and then for 
a further 30 minutes. The volatiles were removed under 
reduced pressure, and the residue was dissolved in 
dichloromethane and washed with aqueous Na2C03 . The 
solvent was dried and removed to give crude 4-chloro-6- 
fluoropyrido[3,4-d]pyrimidine which was dissolved in 
2-propanol (50 mL) containing 3-bromoaniline (2.1 g) . 
The mixture was heated under reflux for 15 minutes to 
give a precipitate, which was redissolved by the 
addition of triethylamine . After the addition of 
water, the solution was concentrated and cooled to give 
4- t (3-bromophenyl ) amino] -6-f luoropyrido [3 , 4-d] - 
pyrimidine, (2.29 g), mp (MeOH) 219.5-2210C. 

A mixture of 4- [ (3-bromophenyl ) amino] -6-f luoro- 
pyrido [3 , 4-d] pyrimidine (0.48 g) and 4-methoxybenzyl- 
amine (10.3 g) in ethanol (50 mL) was heated to lOQoc 
for 5 days. The resulting product was chromatographed 
on silica gel, eluting with CH2Cl2:EtOAc (3:1), to give 
4 - [ ( 3 -bromophenyl ) amino] - 6 - [ ( 4 -methoxypheny 1 ) methyl - 
amino 3 pyridoC 3, 4-d] pyrimidine (0.18 g, ) mp (aqueous 
methanol), 178-179. 5°C. A 0.10 g portion of this was 
dissolved in 5 mL trif luoroacetic acid and heated under 
reflux for 1 hour, and the mixture was evaporated to 
dryness. The residue was partitioned between EtOAc and 
aqueous ammonia, and the crude product was 
chromatographed on alumina, eluting with CH2CI2 :MeOH 
(97:3) to give 6-amino-4- [ (3-bromophenyl ) amino] pyrido- 
[3, 4-d] pyrimidine (0.040 g, ) , mp (CH2CI2) 241.5-242°C. 
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To a solution of 6-amino-4- [{ 3-bromophenyl ) amino] - 
pyrido [3 , 4-d]pyrimidine (J' Med Chem, 1996 ; 39 : 1823 ) 
(455 mg, 1.50 ininol) in dry THF (50 mL) at 0°C under N2 
was added Et3N (22.5 mmol,. 1.61 mL) , a catalytic amount 
of DMAP (45 mg) and acryloyl chloride (4.50 mmol, 
3 66 uD . The reaction mixture was stirred for 1 hour 
and then additional acryloyl chloride (100 viL) was 
added and the reaction was allowed to warm to room 
temperature and stirred for another hour before being 
worked up as in the previous example, to give after 
column chromatography on silica gel eluting with 
MeOH/EtOAc (5:95), N-[4-[ ( 3 -bromophenyl) amino ) pyr ido- 
(3 , 4-d]pyrimidin-6-yl] acrylamide (20 mg, 37%) as a 
cream powder, mp (EtOAc/MeOH) 238-245^C (dec). 

NMR [(CD3)2SO]: 5 11.07 (s, IH, CONH) , 10.33 (s, 
IH, KTH) , 9.05 (s, IH, H5 or H2 ) , 9.03 (s, IH, H2 or 
H5), 8.66 is, IH, H8) , 8.18 (br s, IH, H-2 ' ) , 7.89 (br 
d, J- = 7.6 Hz, IH, H-e'), 7.40-7.33 (m, 2H, H-4 ' , 5'), 
6.70 (dd, J- = 17.0, 10.2 Hz, IH, CH2CHCO) , 6.41 (dd, 
J- = 1.2, 16.9 Hz, IH, CH2CHCO) , 5.87 (dd, J" = 1 . 2 , 
10.1 Hz, IH, CH2CHCO) . 

l^C NMR: 5 163.35, 156.82, 154.13, 150.87, 147.92, 
141.64, 140.40, 131.25, 130.26, 127.86, 126.49, 124.76, 
121.30, 121.02, 120.97, 103.43. 

Analysis calculated Ci^H2^2^^^5^ ' ^ - '^^ requires: 

C, 51.3; H, 3.4; N, 18.7%. 
Found: C, 51.1; H, 3.1; N, 18.4%. 

EXAMPLE 37 

N- f 4 - ( 3 -Methvl-Phenvlamino ) -ovrido f 3 , 4-d1 pvrimidin- 
6-vl 1 ^(prylamide 

To a stirred solution of 6-amino-4- [ (3- 
methylphenyl)amino]pyrido[3 , 4-d)pyrimidine , made from 
m- toluidine and 4-chloro-6-f luoropyrido [3 , 4-d] - 
pyrimidine, followed by p - me thoxybenzyl amine and 
trif luoroacetic acid, as described in the previous 
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exarnple (14 0 mg, 0.5 6 mmol), dmap (14 mg) and Et3N 
(excess, 0.5 mL) at O^C under N2 was added acryloyl 
chloride (2.7 mol eq., 123 pL) dropwise over 3 hours. 
The reaction was then stirred at 2 0oc for 1 hour, 
diluted with water and extracted with EtOAc. The 
combined organic extracts were washed with brine, dried 
over anhydrous Na2S0^ and concentrated under reduced 
pressure before being chroma tographed on silica gel 
eluting with CH2Cl2/EtOAc (1:1) to MeOH/CH2Cl2 /EtOAc 
(2:48:50), to give N- [ 4 - [ ( 3 -methylphenyl ) amino] pyrido- 
[ 3 , 4 -d] pyrimidin- 6-y 1 ] acrylamide (41 mg, 24%) as a 
cream powder, mp ( EtOAc /hexane ) 221-223°C (decomp) . 

NMR [(CD3)2SO]: 5 11.03 (s, IH, CONH), 10.18 (s, 
IH, NH), 9.02 (s, IH, H5 or H2 ) , 9.01 (s, IH, H2 or' 
H5), 8.59 (s, IH, H8), 7.63 (m, 2H, H-2', 6'), 7.29 (m, 
IH, H-5'), 6.89 (br d, J- = 7.5 Hz, IH, H-4 ' ) , 6.69 (dd, 
J = 17.0, 10.2 Hz, IH, CH2CHCO), 6.37 (dd, J" = 17.0, 
1.9 Hz, IH, CH2CHCO), 5.85 (dd, J = 10.2, 1.9 Hz, IH, 
CH2CHCO), 2.35 (s, 3H, CH3Ar). 
Analysis calculated for C^^H-^^u^o requires: 

C, 66.9; H, 5.0; N, 22.9%. 
Found: C, 67.3; H, 5.2; N, 22.9%. 



EXAMPLE 3 8 

N- f4 - (3-Bromo-phenvlamino) -r>Y^^'^ o r3 . 4-rnpvrimiHi n- 
.6-vn -N-methv l acrvlam.7 

1- (3-Dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (294 mg, I.5 mmol) was added in one 
portion to a solution of 4- [3-bromophenyl) amino] - 
6-methylaminopyrido[3, 4-d]pyrimidine (100 mg, 
0.3 mmol), redistilled acrylic acid (75 uL, 1.05 mmol), 
pyridine, (0.3 mL) in 3:2 THF:DMA (1.8 mL) stirred 
under N2 at 0°C. After 30 minutes the reaction was 
warmed to 25<'C. and after 3.75 hours, further acrylic 
acid (25 uD was added, and the solution was stirred 
for an additional 3 hours. The solution was quenched 
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with water,, and the solids were collected and air 
dried. The solids were triturated in hot 
dichloromethane : ethyl acetate and collected to leave 
the product (67 mg, 56%), mp 215-223^0 (dec). 
5 -H NMR [(CD3)2SO]: 5 10.11 (s, IH, exchanges D2O) , 

9.14 (s, IH), 8.80 (s, IH), 8.45 (s, IH) , 8.22 (s, 
IH) , 7.91 (br d, J = 7.7 Hz, IH) , 7.43-7,36 (m, 2H) , 
6.36-6.23 (m, 2H) , 5.66 (dd, J = 9.5, 3.0 Hz, 1 H) , 
3.44 (s, 3H) . 

10 CIMS m/z (relative %) 383 (23), 384 (100), 385 (40), 

386 (99) , 387 (20) . 

Analysis calculated for C3^7H24N50Br 0.4 H2O: 

C, 52.16; H, 3.81; N, 17.89. 
Found: C, 52.25; H, 3.51; N, 17.76. 

15 

EXAMPLE 3 9 

N" f 4- ( 3-Bromo-Dhenvlamino) -pvridQr3 . 4-dlpvrimidin- 
6-vl1 -me thacrvlamide 

To a solution of 6-ainino-4- [ ( 3 -bromophenyl ) - 

20 amino] pyrido [3 , 4-d]pyrimidine ( J" Med Chem, 

1996 ; 39 : 1823 ) (250 mg , 0.82 mmol) , Et3N (excess, 
2.0 mL) and DMAP (catalytic) in THF (30 mL) under 
nitrogen was added methacryloyl chloride (3 x 1.1 mol 
eq. , total of 264 uL) , the reaction conditions and work 

25 up were followed as above to give after column and 

preparative layer chromatography on silica gel eluting 
with EtOAc/CH2Cl2 (1:1), N- [ 4 - [ ( 3-bromophenyl ) amino ] - 
pyrido- [3 , 4-d]pyrimidin-6-yl] -2-methylacrylamide 
(18 mg, 6%) as a cream powder, mp (CH2Cl2/hexane) 

30 177-178°C. 

NMR [(003)280]: 5 10.61 (s, IH, COMH) , 10.29 
(s, IH, NH), 9.06 (s, IH, H5 ) , 8.93 (s, IH, H2 ) , 8.67 
(s, IH, H8), 8.19 (t, J = 1.6 Hz, IH, H-2 • ) , 7.91 (dt, 
= 7.6 Hz, J"^ = 1.6 Hz, IH, H-6 ' ) , 7.3 8 (t, 

35 J = 7.9 Hz, IH, H-5'), 7.34 (dt, = 8.1 Hz, J"^ = 
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1.4 Hz, IH, H-4'), 6.04 (s, IH, CH2C {CH3 ) CO) , 5.64 (s, 
IH, CH2C(CH3)CO) , 2.03 (s, IH, CH2C (CH3 ) CO) • 
EI HRMS {M+) Ci7Hi4BrSlN50 requires 385.0361. 
Found 385 . 0360 . 

5 

EXAMPLE 40 

N- r4 - (3-Bromo-phenvlamino) -r>vriH of3 . pyrimiriTn- 
e-vn -ethenvlsulf onamide 

A solution of 6-amino-4- [ (3-bromophenyl)amino] - 
10 pyrido [3 , 4-d]pyrimidine {J Med Chew, 1996/3 9:1823) (250 

mg, 0.82 mmol), Et3N (0.23 mL) and DKAP (catalytic) in 
THF (20 ruL) was reacted with chloro-ethanesulf onyl 
chloride (1.4 mol eq. , 1.15 mmol, 120 uL) as above to 
give after chromatography on silica gel eluting with 
MeOH/CH2Cl2/Et0Ac (2:48:50) and crystallization from 
^"2^12 N-[4-[ {3-bromophenyl) aminojpyrido- 
rs , 4-d]pyrimidin-6-yl] -vinylsulfonamide (53 mg, 16%) as 
a cream powder, mp 261-265*C. 

NMR [(CD3)2SO): 5 11.02 (s, IH, SO2NH), 10.25 (s, 
20 IH, NH), 9.02 (s, IH, H5 ) , 8.67 (s, IH, H2 ) , 8.15 

(br s, IH, H-2'), 8.00 (s, IH, H8 ) , 7.87 (dt, 
J-rf = 7.2 Hz, J-j. = 1.9 Hz, IH, H-6 ' ) , 7.40 (br t, 
J = 7.9 Hz, IH, H-5'), 7.37 (br dt, J"^ = 7.8 Hz, 

= 1.9 Hz, IH, H-4'), 7.07 (dd, J = 16.5, 9.9 Hz, IH, 
25 CH2CHSO2), 6.30 (d, J- = 16.5 Hz, IH. CH2CHSO2), 6.09 

(d, J = 9.9 Hz, IH, CH2CHSO2). 



13 



C 



^^MR: 8 156.59, 154.34, 151.23, 147.43. 141.54, 



140.18, 137.02. 130.36, 127.06, 126.73, 124.88, 121.43, 
121.24, 121.07, 103.57. 
30 Analysis calculated for C25Hi2BrN502S • 0 . 25 H2O 

requires : 

C, 43.9; H, 3.1; N, 17.0%. 
Found: C, 44.2; H, 3.0; N, 16.5%. 



BNSOOCIO: <WO_9738983A1J_> 



wo 97/38983 




PCT/US97/05778 



-105- 
EXAMPLE 41 

M-f 4 - ( 3 -Br omO" Phenyl amino) -pvridof 3 . 2-dlpvri midin~ 
6-vl1 -a crvlamide 

To a stirred solution of 6-amino-4- [ (3-bromo- 
phenyl ) amino] pyrido [3 , 2-d]pyrimidine IJ Med 
Che/n, 1996 ; 39 : 1823 ) (46 mg, 0.15 mmol) and acrylic acid 
(6 n\ol eq., 0.91 mmol, 62 uD in DMA (5.0 mL) under N2 
was added 1- ( 3-dimethylaminopropyl ) -3-e thylcarbodiimide 
hydrochloride (EDCI-HCl) (4.0 mol eq , , 0.61 mmol, 
116 mg) . The reaction mixture was stirred for 48 hours 
with additional amounts of acrylic acid and EDCI-HCl 
(62 ul-'/116 mg) being added every 12 hours it was then 
worked up as above to give after chromatography on 
silica gel eluting with EtOAc:CH2Cl2 (1:1) to 
MeOH/CH2Cl2/EtOAc (2 :48 :50) , N- [4-[ ( 3 -bromophenyl ) - 
amino]pyrido [3 , 2-d]pyrimidin-6-yl J acrylamide (14 mg, 
26%) as a cream powder, mp (CH2Cl2/hexane ) 226-228°C. 

NMR [(CD3)2SO): 6 11.13 (s, IH, CONH) , 9.57 (s, IH, 
MH) , 8.72 (s, IH, H2), 8.69 (d. J = 9.1 Hz. IH, H8 ) , 
8.43 (t, J- = 1.9 Hz. IH. H-2'), 8.30 (d, .7 = 9.1 Hz, 
IH, H7), 7.87 (br J = 6.9 Hz, IH, H-6 * ) , 7.39 (t, 

J = 8.1 Hz, IH, H-5'), 7.33 (dt, = 8.2 Hz, Jf. = 

1.3 Hz, IH, H-4'), 6.68 (dd, vJ = 17.0, 10.2 Hz, IH, 
CH2CHCO) , 6.43 (dd, cT = 17.0, 1 . 8 Hz , IH, CH2CHCO) , 
5.91 (dd, J" = 10.2, 1.8 Hz, IH, CH2CHCO) , 
Analysis calculated for C-l5H^2^^^5^ requires: 

C, 51.9; H, 3.3; N, 18.9%. 
Found: C, 51.7; H, 3.3; N, 18.8%. 

EXAMPLE 42 

N- r4- {3-Bromo-Dhenvlamino) -benzofbl thie nQr3. 2-d1 
pvrimidin-8-vl 1 acrvlamide 

To a solution of 8-amino-4 - [ ( 3 -bromophenyl ) amino ] 
benzothieno-pyrimidine [see Patent Application 
WO 95/19970 1995] (100 mg, 0.26 mmol), acrylic acid 
(0.04 mL, 0.58 mmol), and triethylamine (0.07 mL, 
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0.5 mmol) in DMF (1.5 mL) stirred under N2 at 25^0 was 
added 1- ( 3 -dimethylaminopropyl ) -3 -ethylcarbodiimide 
hydrochloride (127 mg, 0.66 mmol). After 24 hours the 
reaction mixture was quenched with water and the light 
tan precipitate was collected by Buchner filtration and 
purified by preparative tic on silica, eluting with 10% 
MeOH/CHCl3 ^^^^ the desired product (25 mg, 23%) as 
a tan solid, mp 249 . 0-250 . 5°C . 

NMR [(CD3)2SO]: 5 10.50 (s, IH, NH) , 9.86 (s, IH, 
NH), 8.86 (d, J = 2,0 Hz, IH , H9 ) , 8.79 (s, IH. H2 ) , 
8.19 (s, IH, H2'), 8.17 (dd, = 8.0, 1.9 Hz, IH, H7 ) , 
7.91 (dd, J = 8.8, 2.2 Hz, IH, H6 ) , 7.84 (d, 
J = 8.1 Hz, IH, H6'). 7.35 (t, J = 8.1 Hz, IH, H5 • ) , 
7.29 (d, J- = 8.0 Hz, IH, H4 ' ) , 6,50 (dd, J = 16.9, 
10 Hz, IH, =CH) , 6.33 (dd, jr= 16.8, 2.1 Hz, IH, 
=CH2), 5.82 (dd, = 10, 1.9 Hz, IH, =CH2 ) . 
Mass Spectrum (APCI) : 427 (100, ^^BrMH^), 426 (21, 
^^BrM^), 425 (93, ^^BrMH^). 

Calculated for gH^^ 3N4BrOS • 0 . 3HC1 • 0 . 25C3H5O : 

C, 52.49; H, 3.18; N, 12,19%. 
Found: C, 52.62; H, 3.31; N, 12.40%. 

EXAMPLE 43 

f 4 - (3~BromQ~phen Ylamino) -benzo fbl thieno f 3 . 2-d1 - 
Pvrimidin-6-vl 1 acrvlamirig^ 

6-Amino-4- ( 3 -bromoaniline ) benzothieno [ 3 , 2-d]pyrimidine 

2-Chloro-3-nitrobenzamide: DMF (3 drops) was 
added to a mixture of 2-chloro-3-nitrobezoic acid 
(0.99 g, 4.9 mmol), oxalyl chloride (0.47 mL, 5.4 mmol) 
in CH2CI2 (20 mL) at 25<^C stirring under N2 . After gas 
formation ceased, all the solid went into solution. 
After 3 hours the solvent was removed under reduced 
pressure to leave a light yellow solid which was 
treated with cold NH4OH (20 mL) . 2-Chloro-3- 
nitrobenzamide was collected as an off-white solid 
(1.02 g, 100%) . 
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NMR [(CD3)2SO]: 5 8.12 (brs, IH, NH2 ) , 8.06 (dd, 
8.0, 1.7 H2, IH, H4), 7.87 (brs , IH, NH2 ) , 7.73 
(dd, J = 7.8, 1.7 Hz, IH, H6 ) , 7.63 (t, J = 8.1 Hz, 
IH, H5) . 

2- Chloro-3-ni trobenzonitrile : A solution of 
2-chloro-3 -nitrobenzamide (1.02 g, 4.9 mmol ) in 
P2O5/ (TMS) 2O/I, 2-dichloroethane (30 mL) was heated at 
BS^C for 18 hours. After it was cooled to 25^=^0, the 
solution was filtered through a plug of silica gel 

(60 mL), eluting with 5% methanol /CHCI3 (400 mL) . The 
combined washes were concentrated under reduced 
pressure to give 2 -chloro-3-ni trobenzonitrile as an 
off-white solid (0.66 g, 74%). 

NMR [(CD3)2S01: 5 8.42 (dd, J = 8.1, 1.5 Hz, IH, 
H4), 8.33 (dd, J = 8.1, 1.7 Hz, IH, H6 ) , 7.81 (t, J = 
8.3 Hz, IH, H5) . 

3 - Amino-2-methylcarboxylate-7-nitrobenzothiophene : 
NEt3 (0.16 mL, 1.15 mmol) was added dropwise to a 
solution of 2-chloro-3-nitrobenzonitrile (191 mg , 

1.05 mmol), and methyl thioacetate (0.1 mL, 1.1 mmol) 
in DMSO (3 mL) at 25^0 stirring under N2 . The color of 
the solution turned dark orange. Thirty minutes later 
the reaction was quenched with ice water. The formed 
solid was collected by Buchner filtration and air dried 
to give methyl 3 -amino-7 -nitrobenzothiophene-2- 
carboxylate as a red-orange solid (244 mg, 92%) . 
^H NMR [ (CD3) 2SO] : S 8 . 67 (dd, J" = 8.1, 1 . 0 Hz , IH, 
H6), 8.58 (dd, J =7.8, 0.8Hz, IH, H4 ) , 7.72 (t, 

7.8 Hz, IH, H5), 7,37 (brs, 2H , NH2 ) . 

6-Nitrobenzothieno [3 , 2-d]pyrimidone : A mixture of 
methyl 3 -amino-7-ni trobenzothiophene-2-carboxylate 
(242 mg, 0.96 mmol) and formamidine acetate (0.51 g, 

4.9 mmol) was heated up to 18 5°C when 1 . 5 mL formamide 
was added to the reaction. After 1 hour at 185^C, the 
reaction was cooled to 25°C. The solid was collected 
and washed with water then dried. 6-Nitrobenzothieno 
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[3, 2-d]pyrimidone was isolated as a yellow solid 
(161.5 mg, 68%) . 

NMR [(CD3)2SO]: 5 8.72 (d, J = 8.1 Hz, 2H, HI, H9 ) , 
8.45 (s, IH, H2), 7.91 (t, J = 7.8 Hz, H8 ) . 

4-Chloro-6-nitrobenzothieno [3 , 2-d]pyriniidine : 
Dry DMF (5 drops) was added to a mixture of 
6-nitrobenzothieno[3,2-d]pyrimidone (161 mg, 0.65 mmol) 
and oxalyl chloride (0.28 mL, 3.2 mmol) in 
1,2-dichloroethane (5 mL) . The reaction was heated at 
85°C for 7.5 hours then cooled to 2 5°C. The solid was 
Buchner filtered and washed with CH2CI2 and air dried. 
4-Chloro-5-nitrobenzothieno[3,2-d]pyrimidine was 
obtained as a gray solid (166 mg, 96% crude) . 
-H NMR ((CD3)2SO]: 5 9.33 (s, IH, H2 ) , 8.99 (dd, 
vJ = 7.9, 1.3 Hz, IH, H7), 8.87 (dd, J = 8.1, l.Q Hz, 
IH, H9) , 8.03 (t. J- = 7 .8 Hz, IH, H8) . 

4- ( [3-Bromophenyl] amino) -6-nitrobenzothieno 
[3, 2-d)pyrimidine: A mixture of 4-chloro-6- 
nitrobenzothienopyrimidine (166 mg, 0.62 mmol), 
m-bromoaniline (0.08 mL, 0.73 mmol) and m-bromoani line 
hydrochloride (14 4 mg, 0.6 9 mmol) in isopropanol 
(4.5 mL) was heated at SS^c stirring under N2 for 
7.5 hours. The dark brown solid was collected by 
Buchner filtration and washed with isopropanol and air 
dried to give 4- ( (3-bromophenyl] amino) -6- 
nitrobenzothieno(3,2-d]pyrimidine (145 mg, 67%), 
mp 247 .0-248 .IOC. 

NMR [(CD3)2SO]: 5 10.21 (s, IH, NH) , 8.89 (s, IH, 
H2), 8.84 (dd, J = 7.6, 1.1 Hz, IH, H7 ) , 8.75 (dd, 
J = 8.0, 0.9 Hz, IH, H9), 8.25 (s, IH, H2 ' ) . 7.92 (t, 
J = 7.8 Hz, IH, H8), 7.89 (d, J = 6.6 Hz, IH, H4 ' ) , 
7.39-7.31 (m, 2H, H5 ' , H6 ' ) . 

MS (APCI) : 403 (100, S^Br, MH+ ) , 402 (17.45, 81 
M*), 401 {93.01, ''^Br, MH^K 



Br, 
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Calcuiated for C^^ 5H9BrN402S • HCl : 

43.90; H, 2.30; N, 12.80%. 
Found: C, 44.00; H, 2.43; N, 12.48%. 

6-Ainino-4- ( [ 3 -bromophenyl ] amino) benzothieno 
5 [3 , 2-d]pyrimidine : A solution of 4 - ( [3-bromophenyl ] 

amino) -6 -ni trobenzothieno (3 , 2-d]pyrimidine (160 mg, 
0.4 mmol) in methanol (10 mL) was subjected to 
hydrogenation with Raney Nickel (0.07 g) at 25^C for 
30 hours. After the reaction was done, the solvent was 

10 removed under reduced pressure to leave a dark brown 

solid. Recrystaliza t ion from wet methanol afforded 
6-amino-4- ( [3-bromophenyl] amino ) benzothieno [ 3 , 2-d] 
pyrimidine as a brown solid (70 mg, 43%), 
mp 217 .6-218 . 8<^C. 

15 NMR [(CD3)2SO]: 5 9.89 (S, IH, NH) , 8.77 (s, IH, 

H2), 8.19 (t, J- = 1.9 Hz, H2'), 7.85 (ddd, J" = 8.1, 
2.9, 1.2 Hz, IH, H4'), 7.64 (dd, J = 7.9, 1.0 Hz, IH, 
H9), 7.34 (t, J = 7.6 Hz, 2H, H8 , H5 ' ) . 7.28 ( td , J = 
8.1, 1.5 Hz, IH, H6' ) , 6.95 (dd, = 7 . 4 , 1 . 0 Hz , IH, 

20 H7), 5.71 (brs, 2H, NH2 ) . 

MS (APCI) : 373 (100, ^^Br, MH"" ) , 372 (19.5, ^^Br, M"*" ) , 
371 (96.87, '^^Br, MH" ) . 

Calculated for C-L6HiiBrN4S • 0 . 3HC1 ■ 0 . 7 CH3OH: 
C, 49.57; H, 3.51; N, 13.85%. 

25 Found: C, 49.47; H, 3.56; N, 13.84%. 

To a solution of 6-amino-4- [{ 3 -bromophenyl ) amino] - 
benzothieno-quinazoline (130 mg, 0.35 mmol), acrylic 
acid (0.05 mL, 0.73 mmol), and triethylamine (0.1 mL, 
0.72 mmol) in DMF (3 mL) stirred under N2 at O^C was 

30 added 1- ( 3 -dimethylaminopropyl ) -3 -ethylcarbodiimide 

hydrochloride (144 mg, 0.75 mmol). The reaction 
gradually warmed up to 25^C and was quenched with water 
after 20 hours. The formed yellow solid was collected 
and purified by sonication with acetone to give the 

35 desired product (40 mg, 27%), mp 216 . 4-2 17 . 2 . 
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NMR [(CD3)2SO]: 5 10.64 (s, IH, NH), 9.84(s, IH, 
NH), 8.77 (s, IH, H2), 8.73 (d, J = 1.5 Hz, IH, H6 ) , 
8.31 (d, IH, J- = 8.8 Hz, H8), 8.20 (s, IH, H2 • ) , 7.84 
(d, J = 8.3 Hz, IH, H6'), 7.67 (dd, J = 8.6, 1.7 Hz, 
IH, H9) , 7.34 (t. J- = 7.8 Hz, IH, H5 ' ) , 7.28 (d, J" 1 
8.1 Hz, IH, H4'), 6.50 (dd, J" = 16.9, 10.0 Hz, IH, 
=CH), 6.34 (dd, J- = 17.1, 1.7 Hz, IH, =CH2 ) . 5.83' (dd, 
J" = 10, 1.7 Hz, IH =CH2) . 

Mass Spectrum (APCI): 426.7 (100, ^^BrMH"^), 425.7 
(26.28, S^BrM-*-), 424.7 (92, '^^BrMH^). 
Calculated for C^gH-, 3N4BrOS ■ 0 . 3HC1 ■ 0 . 8H2O : 

C, 52.28; H, 3.62; N, 12.26%. 
Found: C, 52.42; H, 3.49; N, 12.41%. 



EXAMPLE 44 

N- r 4- ( 3-Bromo-phenvl aminol -benzQ rbl thieno r3 . 2-d1 
Pvrimi din-7-vl1 acrvlamidf> 

7-Nitrobenzo(:b] thieno [3 , 2-d] -3H-pyrimid-4-one 

2-Fluoro-4-nitrobenzoic acid: [25] To a solution 
of sodium dichromate (3.87 g, 13 mmol) in acetic acid 
(20 mL) was added 2-f luoro-4-nitrotoluene (1.55 g, 
10 mmol) in portions, followed by dropwise addition of 
concentrated sulfuric acid (10 g). A strong exotherm 
was observed (lOO^C) and the color changed from orange 
to green. The reaction was heated at 90«'C for 1 hour 
and cooled to 25^0. The reaction mixture was dissolved 
in water (30 mL) and white crystals formed upon cooling 
at 0°C. The white solid was collected by filtration 
washed with cold water and dried to give 2-fluoro- 
4-nitrobenzoic acid (0.99 g, 53%). 

^H NMR (DMSO-dj 5: 8.16 (dd, J = 10 . 0 , 2 . 0 Hz , IH) , 
8.10-8.03 (m, 2H) . 

2-Fluoro-4-nitrobenzamide : To a mixture of 
2-f luoro-4-nitrobenzoic acid (0.98 g, 5.3 mmol) and 
oxalyl chloride (0.48 mL, 5.5 mmol) in dichloromethane 
(25 mL) , stirred under nitrogen at 25°C, was added 
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3 drops of dimethyl f ormamide . Gas evolution! The 
solid slowly dissolved up and after 4 hours the 
volatiles were removed under reduced pressure. 
Saturated aqueous ammonia (5 mL> was added to the 
residue and the mixture was stirred for 10 minutes. 
The solid was extracted with chloroform (3 x 20 mL.) . 
The combined organic layer was washed with water, 
saturated brine, and dried (magnesium sulfate) . The 
solvent was removed under reduced pressure to give 
2-f luoro-4-nitrobenzamide {0.83 g, 85%) as a light 
yellow solid. 

NMR (DMSO-dg) : 5 8.15 ( dd . J = 10.0, 2.2 Hz, IH ) , 
8.06 (dd, J = 8.5, 2.2 Hz, IH) , 8.02 (brs, IH) , 7.88 
(brs, IH) , 7.81 (dd, J = 8.3, 7.0 Hz, IH) . 

2-Fluoro-4-nitrobenzonitrile : A mixture of 
2-f luoro-4-nitrobenzamide (0.83 g, 4.6 mmol) and 
phosphorus pentoxide/hexamethyl disiloxane in 
1 , 2-dichloroethane (20 mL) was heated under nitrogen at 
lOO^C for 4 hours. Upon cooling, the solution was 
poured onto a plug of silica gel and washed with hexane 
(200 mL) followed by 5% methanol /chloroform (400 mL) . 
The methanol/chlorof orm washes were collected and 
concentrated under reduced pressure to give 2-fluoro- 
4-nitrobenzonitrile (0.71 g, 95%) as a beige solid. 
^H NMR (DMSO-dg): 5 8.46 (dd, J = 9.5, 2 . 0 Hz , IH) , 
8.37-8.22 (m, 2H) . 

Methyl 3-amino*6-nitrobenzothiophene- 
2-carboxylate : Methyl thioglycollate (0.08 mL, 
0.85 mmol) was added to a solution of 2-fluoro- 
4-nitrobenzonitrile (145 mg, 0.87 mmol), and 
triethylamine (0.14 mL, 1.0 mmol) in acetonitrile 
(20 mL) stirred under nitrogen at 25°C. After 3 hours 
further triethylamine (0.28 mL, 2.0 mmol) was added to 
the solution, which was stirred at 25^C for a further 
16 hours. The solvent was removed under reduced 
pressure to give a brown residue, which upon 
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trituration with chloroform precipitated methyl 

3 -amino-6-nitrobenzothiophene-2-carboxylate ( 103 mg, 

54%) as a red brown solid, mp 228 . 5-229 . S^c , 

NMR (DMSO-dg): 5 8.87 (d, J = 2.0 Hz, IH) , 8.32 (d, 
J = 9.0 Hz, IH), 8.15 (dd, J = 8.8, 2.0 Hz, IH) , 7.26 
(brs, 2H) , 3 .77 (s, 3H) . 

Mass Spectrum (CI): 253 (100, MH"" ) , 252 (52, M"" ) . 

7-Nitrobenzo [b] thieno [3 , 2-d] -3H-pyrimid-4-one : A 
mixture of methyl 3 -amino-6-nitrobenzothiophene- 
2-carboxylate (20 mg, 0.08 mmol) and formamidine 
acetate (59 mg, 0.57 mmol) was heated at 190^C for 
5 hours and cooled to 25 ^C. The reaction residue was 
triturated with water, and 7-nitrobenzo [b] thieno [3 , 2-d] 
-3H~pyrimid~4-one (7 mg, 3 6%) was obtained by Buchiner 
filtration as a dark brown solid, mp >320^C. 

NMR (DMSO-dg): S 9.21 (d, J = 1.7 Hz, IH) , 8.39 (d, 
J = 8.5 Hz, IH), 8.38 (s, IH) , 8.32 (dd, J = 8.8, 
2 .0 Hz, IH) . 

Mass Spectrum (CI): 248 (100, MH"" ) , 247 (30, M"*" ) . 
Analysis calculated for C20H5N3O3S: 

C, 48.58; H, 2.04; N, 17.00%. 
Found: C, 48,19; H, 2.09; N, 16.77%. 

To a solution of 7 -amino-4 - [ ( 3 -bromophenyl ) amino ] 
benzothieno-pyrimidine (88 mg, 0.24 mmol), acrylic acid 
(0.03 mL, 0.44 mmol), and triethylamine (0.09 mL, 
0.64 mmol) in DMF (3 mL) , stirred under nitrogen at 
O^C, was added 1- ( 3 -dimethylaminopropyl ) -3 - 
ethylcarbodiimide hydrochloride (84 mg, 0.44 mmol). 
The reaction gradually warmed up to 25°C and was 
quenched with water after 24 hours. The light brown 
precipitate was collected and purified by sonication 
with acetone. The desired product was isolated as a 
beige solid (59 mg, 37%), mp 251 . 0-252 . 40C . 
^H NMR [(CD3)2SO]: 5 10.58 (s, IH, NH) , 9.92 (s, IH, 
NH), 8.84 (s, IH, H2), 8.28-8.24 (m, 2H, H6 , H2 ' ) , 7.88 
(d, IH, J- = 6.8 Hz, H6'), 7.70 (dd, J = 7.6, 1.2 Hz, 
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IH, H8), 7.65 (t, J = 7.6 Hz, IH, H9 ) , 7.33 (t, 
jr = 8.0 Hz, IH, H5'), 7.28 (dd, J = 6.9, 1.8 Hz, IH, 
H4'), 6.60 (dd, J- = 16.8, 10.0 Hz, IH, =CH) , 6.36 (dd, 
jr = 17.1, 1.9 Hz, IH, =CH2 ) , 5.88 (dd, ^ = 10.3, 
5 1 .7 Hz, IH, =CH2) . 

Mass Spectrum (APCI): 426.7 {100, MH"*" ) , 425.7 (18.68, 

Calculated for C^^ 9H3^3N4BrOS ■ : 

C, 51.47; H, 3.41; N, 12.64%. 
10 Found: C, 51.42; H, 3.39; N, 12.40%. 



EXAMPLE 4 5 

N" f 4 - f (3 -Bromophenvl ) amino 1 auinazolin-6-vll buta-2 . 3 - 
dienamide 

15 To a solution of 6-amino-4- [ ( 3 -bromophenyl ) amino] 

qpainazoline (316 mg , 1.0 mmol), and 3-butynoic acid 
(173 mg, 2.06 mmol) in DMF (5 mL) stirred under 
nitrogen at 0°C was added 1- ( 3 -dimethyiaminopropy 1 ) - 
3-ethylcarbodiimide hydrochloride (384 mg, 2.0 mmol). 

20 After 1.5 hours the reaction was qxienched with 0.1 M 

HCl solution (10 mL) . The yellow precipitate was 
collected by Buchner filtration and washed with water 
followed by acetone. The solid was taken up into 
acetone with the addition of triethylamine . The formed 

25 solution was filtered through a 2-inch silica gel 

eluting with 50% acetone/CH2Cl2 . The filtrate was 
collected and concentrated under reduced pressure to 
give the title compound as a yellow solid (247 mg, 
56%) , mp 268-270^C. 

30 ^H NMR [(CD3)2S01: 5 10.39 (s, IH, NH) , 9,93 (s, IH, 

NH), 8.75 (d, J = 2.2 Hz, IH, H5 ) , 8.58 (s, IH , H2 ) , 
8.18 (s, IH, H2 * ) , 7.87 (dt, J = 9.0, 1.9 Hz, 2H, H7 , 
H8), 7.79 (d, J = 8.8 Hz, IH, H6 ' ) , 7.34 (t, 
J- = 7 . 9 Hz, IH, H5 ' ) , 7 .29 (d, .7 = 8 . 3 Hz , IH, H4 ' ) , 

35 6.07 (t, J = 6.5 Hz, IH, CH=C=CH2 ) , 5.49 (d, 

J- = 6.6 Hz, 2H, =C=CH2) . 
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Mass Spectrum (APCI): 382.8 (88, ^^BrMH-"), 381.8 
(19, S^BrM^), 380.7 (100, ^^BrMH"). 
Calculated for CigHi3N4BrO ■ 0 . 8H2O • 0 . 8C3H6O : 

C, 55.42; H, 4.42; N, 12.68%. 
Found: C, 55.13; H, 4.17; N, 12.87%. 



EXAMPLE 46 

N- f4-f {3-Bromophenvliami n o1cruinayolin-f^-Yl1-R. 4- 
oxooen t - 2 - enami dp> 

6-Amino-4- [ (3 -bromophenyl ) amino] quinazoline 
(0.23 g, 0.75 mmol ) and N-ethyl diisopropyl amine 
(0.26 mL, 1.5 mmol) were added to a solution of 
E, 4-oxopent-2-enoic acid (171 mg, I.5 mmol) and 
EDAC.HCl (288 mg, 1.5 mmol) in THF/DMF (3:1, 4 mL) 
stirred under N2 at 25°C. The ice bath was removed, 
and the reaction mixture was stirred at 250c for 
4 hours, when further N-ethyl diisopropylamine 
(0.13 mL, 0.75 mmol), E, 4-oxopent-2-enoic acid (86 mg, 
0.75 mmol) and EDAC.HCl (144 mg, 0.75 mmol) were added. 
After stirring a further 14 hours at 250C, the reaction 
mixture was added dropwise to stirred cold water 
(100 mL) . The solid was collected, dissolved in MeOH 
(50 mL) and dried onto silica gel (3 g) . This was used 
as the origin in a silica gel flash column (80 g) 
eluting with 10% MeOH/CH2Cl2 . Concentration of pure 
fractions under reduced pressure gave N-[4-[(3- 
bromophenyl) amino] c3uinazolin-6-yl ] -E, 4-oxopent-2- 
enamide (0.14 g, 45%) as a yellow solid, mp 23 0oc 
(decomp . ) . 

NMR [(CD3)2SO]: 5 10 . 91 (s, IH, NH) , 9.99 (s, IH. 
NH), 8.87 (d, J- = 1.9 Hz, IH, H5), 8.60 (s, IH, H2 ) , 
8.17 (t, J = 1.9 Hz, IH, H2'), 7.85 (m, 3H, H7 , KB, 
H6'), 7.37. (m, 2H, H5 ■ , H4 ' ) , 7.15 (d, J = 15.7 Hz, IH, 
H3-pentenyl) , 6.99 (d, J = 15.7 Hz, IH, H2-pentenyl ) , 
2.40 ( s, 3H, Me) . 
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Mass Spectrum (APCI) : 412.7 (100, ^^BrMH^-), 410.8 (98, 

Calculated for C3^9H25BrN402 : 

C. 55.49; H, 3.68; N, 13.62%. 
Found: C. 55.21; H, 3.72; 13.35%. 

EXAMPLE 47 

[4 - f { 3-BromoDhenvl ) aminol cruinazolin-6-vn - E. 4-ethoxv- 
4 - oxobu t - 2 - enamide 

6-AiTiino-4 - [ ( 3 -bromophenyl ) amino ] cjuinazoline 
(0.23 g, 0.7 5 mmol) and N-ethyl diisopropylamine 
(0.26 mL,, 1.5 mmol) were added to a solution of 
E, 4-ethoxy-4-oxobut-2-enoic acid (216 mg , 1.5 mmol) and 
EDAC.HCl (288 mg , 1.5 mmol) in THF/DMF (3:1, 4 mL) 
stirred under N2 at 25^0. The ice bath was removed, 
and the reaction mixture was stirred at 25^C for 
4 hours, when further N-ethyl diisopropylamine 
(0.13 mL, 0.75 mmol), E, 4-ethoxy-4-oxobut-2-enoic acid 
(108 mg, 0.75 mmol), and EDAC.HCl (144 mg, 0.75 mmol) 
were added. After stirring a further 14 hours at 25^C, 
the reaction mixture was added dropwise to stirred cold 
water (100 mL) . The solid was collected, dissolved in 
NeOH (50 mL) , and dried onto silica gel (3 g) . This 
was used as the origin in a silica gel flash column 
(80 g) eluting with 10% MeOH/CH2Cl2 . Concentration of 
pure fractions under reduced pressure gave N-(4-[{3- 
bromophenyl) amino] (3uinazolin-6-yl ] -E, 4-ethoxy-4-oxobut- 
2-enamide (0.19 g, 58%) as a yellow solid, mp >255°C. 

NMR [(CD3)2SO]: 5 10.93 (s, IH, NH) , 9.99 (s, IH, 
NH) , 8.89 (d, J = 1.9 Hz, IH, H5 ) , 8.60 (s, IH , H2 ) , 
8.16 (t, J = 1.9 Hz, IH, H2 • ) , 7.85 (m, 3H, H7 , H8 , 
H6 ' ) , 7.33 (m, 3H, H5 ' , H4 ' , H3 -pentenyl ) , 6.79 (d, 
J = 15.4 Hz, IH, H2-pentenyl) , 4.24 (q, J = 7 , 1 Hz , 
CH2), 1,29 (t, J = 7.1 Hz, 3H, Me). 

Mass Spectrum (APCI): 442.8 (99, ^^BrMH""), 440.8 (100, 
"^^BrMH"^) . 
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Calculated for C2oHi7BrN403 : 

C, 54.44; H, 3.88; N, 12.70%. 
Found: C, 54.59; H, 3.83; N, 12.67%. 

EXAMPLE 48 

N- f 4 - ( 3 -Bromo-Dhenvlaminf^ ) - p vr idn f ^ 4 -d 1 ny r i m ^ H s - 
6-vnpe nta-2 . 4-dienamidf? 

To a 0-S°C solution of 6-amino-4- [ ( 3 -bromophenyl) - 
amino]pyrido[3, 4-d]pyrimidine (160 mg, O.Smmol), 80% 
tx-ans-2, 4-pentadienoic acid (245 mg, 2 mmol), and 
pyridine, (0.5 mL) in 2 : 1 THF : DMA (3 niL) stirred under 
N2 was added in one portion 1- ( 3-dimethylaminopropyl ) - . 
3-ethylcarbodiimide hydrochloride (490 mg. 2.5 nimol) . 
Cooling was removed, and the viscous mixture was 
15 stirred at 25°C. After 23 hours, the mixture was 

charged with additional trans-2 , 4-pentadienoic acid 
(125 mg) , 1- ( 3 -dimethylaminopropyl ) -3 -ethylcarbodiimide 
hydrochloride (240 mg) , and 2:1 THF:DMA (2 mL) . After 
stirring for another 19 hours, the mixture was diluted 
with water and ethyl acetate. The biphasic mixture was ' 
warmed, then filtered through celite with the filter 
pad washed well with water and hot ethyl acetate. The 
filtrate was extracted with ethyl acetate (3x), and the 
combined organic phases were washed with brine, dried 
25 (MgS04), and concentrated to a solid. The solid was 

dissolved in hot ethyl acetate and the solution 
purified by column chromatography over flash Si02 
eluting with ethyl acetate. Product fractions were 
pooled and concentrated to a solid that was triturated 
in warm ethyl acetate. After cooling, the solids were 
collected and dried to leave the product (27 mg, 13%), 
mp 210-2150C. 

NMR [(CD3)2SO]: 5 11.04 (s, IH, exchanges D2O) , 
10.34 (s, IH, exchanges D2O) , 9.04 (s, IH) , 9.02 (s, 
IH). 8.66 (s, IH), 8.17 (t, J = 1.9 Hz, IH) , 7.89 (dt, 
J- = 7.7, 1.7 Hz, IH) , 7.40-7.27 (m, 3H) , 6.60 (dt. 



20 
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J = 16.9, 10.5 Hz, IH) , 6.53 (d, J = 15.2 Hz, IH) , 5.75 
(d, = 16.9 Hz, IH) , 5.56 (d, vJ = 11.1 Hz, IH) . 
Mass Spectrum (APCI) m/z (relative %) : 395.9 (89), 
396.9 (20), 397.9 (100), 398.9 (20). 
5 Analysis calculated for Ci8Hi4N50Br • 0 . 3 H2O-0.2 C4Hg02 : 

C. 53.86; H, 3.89; N, 16.70. 
Found: C, 54.02; H, 3.77; N, 16.33. 



EXAMPLE 4 9 

10 N~ r4- ( 3-Bromo-Dhenvlamino) -pvridof3 . 4 -dl ovr imidin-6- 

vl 1 -N- (2- (N, N~dimethvlamino ) ethvl ) acrvlamide 

To a 0-5°C solution of 4 - [ 3 -bromopheny 1) amino ] - 
6- (2-dimethylaminoethyl)aminopyrido[3 , 4-d] pyrimidine 
(387 mg, 1 mmol) and redistilled acrylic acid (0.25 mL, 

15 3.6 mmol) in pyridine (5 mL) stirred under N2 was added 

1- ( 3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (980 mg, 5 mmol). After 30 minutes, 
cooling was removed, and the solution was stirred for 
an additional 45 minutes. The solution was diluted 

20 with 1% aqueous sodium bicarbonate and extracted with 

ethyl acetate (4x). The combined extracts were washed 
with brine, dried {MgSO^ ) , and concentrated to leave an 
oil that was crystallized from ethyl acetate at 5°C 
overnight to leave product (122 mg, 28%), mp >160^C 

25 (dec) . 

^H NMR [(CD3)2SO]: 5 10.16 (s, IH, exchanges D2O) , 
9.15 (s, IH) , 8.80 (s, IH) , 8.43(s, IH) , 8.22 (s, IH) , 
7.93 (d, J=7.7 Hz, IH) , 7.42-7.35 (m, 2H) , 6.29-6.22 
(m, 2H), 5.66 (dd, J = 9.0, 3.5 Hz, 1 H) , 4.05 (t, 

30 J = 7 . 1 Hz, 2H) 2 . 42 { t , J = 7 . 1 Hz , 2H) , 2.11 (s, 6H) . 

Mass Spectrum (APCI) m/z (relative %): 440.9 (99), 
441.8 (23), 442.8 (100), 443.9 (24). 
Analysis calculated for C2o^21^6^^^- 
C, 54.43; H, 4.80; N, 19.04. 

35 Found: C, 54.15; H, 4.65; N, 18.76. 
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EXAMPLE 5 0 

N- [4 - (3-Bromo~phenvlamino) -p\/ r ido n . 4 ~dl pvr i midin-6- 
Vll 

To a O-50C solution of 6-amino-4- [ ( 3 -bromophenyl ) 
amino]pyrido[3,4-d]pyrimidine (32 mg, 0.1 tnmol ) , trans- 
crotonic acid (3 5 mg, 0.4 mmol), in pyridine (0.4 mL) 
stirred under N2 was added 1- (3-diinethylaminopropyl) - 
3-ethylcarbodiimide hydrochloride (98 mg, 0.5 mmol). 
Cooling was removed and the mixture was stirred at 
250c. After 2 hours, the solution was diluted with 
water, and the suspension was stirred for 15 minutes. 
The solids were collected, then dissolved in ethyl 
acetate. The solution was washed with 5% aqueous 
sodium bicarbonate, dried (MgSO^), and filtered through 
flash Si02 . The filtrate was concentrated to a solid 
that was triturated in hot ethyl acetate. The solids 
were collected to leave product, (11 mg, 28%) mp >260^C 
(dec) . 

NMR [(CD3)2SO]: 5 10.87 (s, IH, exchanges D2O) , 
10.31 (s, IH, exchanges D2O) , 9.03 (s, IH) , 9.00 (s, 
IH) , 8.65 (s, IH) , 8.17 (s,lH), 7.89 (d, = 7 . 5 Hz , 
IH) , 7,39-7.33 (m, 2H) , 6.99-6.90 (m, IH) , 6.39 (dd, 
J = 15.4, 1.7 Hz, IH), 1.91 (dd, J = 7.0, 1.4 Hz, 3H. 
Mass Spectrum (APCI) m/z (relative %): 381.8 (74), 
382.8 (27), 383.8 (100), 384.8 (30), 385.9 (10). 
Analysis calculated for C;L7^i4^50Br • 0 . 3 H2O: 

C, 52.40; H, 3.78; 17.97. 
Found: C, 52.37; H, 3.65; N, 17.70. 



EXAMPLE 51 

f 4~ (3-Bromo-phenvlami no) -pvridor3 . 4-d1 ovrimidin- 
6-vl 1 cinnamide 

To a 0-5<^C solution of 6 -amino-4 - [ ( 3 -bromophenyl ) 
amino]pyrido [3 , 4-d]pyrimidine (32 mg, 0.1 mmol), trans- 
cinnamic acid (60 mg, 0.4 mmol), in pyridine (0.4 mL) 
stirred under N2 was added 1- ( 3-dimethylaminopropyl ) - 
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3-ethylcarbodiimide hydrochloride (98 mg, 0.5 mmol). 
Cooling was removed, and the mixture was stirred at 
25°C. After 2 hours, the solution was diluted with 
water, and the suspension was stirred for 15 minutes. 
The solids were collected, then dissolved in ethyl 
acetate. The solution was washed with 5% aqueous 
sodium bicarbonate, dried (MgS04), and filtered through 
flash Si02 • The filtrate was concentrated to a solid 
that was triturated in hot ethyl acetate. The solids 
were collected to leave product, (23 mg, 51%) 
mp 253-256^C. 

bJMR [{CD3)2SO]: 5 11.07 (s, IH, exchanges D2O) , 
10,36 (s, IH, exchanges D2O) , 9.06 (s, 2H; with D2O 
wash, collapses to 9.06 [s, IH] and 9.02 (s, IH] ) , 8,67 
(s, IH) , 8.19 (s, IH), 7.90 (d, J- = 7.7 Hz, IH) , 
7.72-7.65 (m, 3H) , 7.51-7.34 (m, 5H) , 7.14 (d, 
= 15.7, IH) . 

Mass Spectrum (APCI) m/z (relative %): 445.9 (97), 
446.9 (24), 447.9 (100), 448.9 (26). 
Analysis calculated for €22^1 5N50Br • 0 . 2 H2O : 

C, 58.73/ H, 3,67; N, 15.57. 
Found: C, 58.79; H, 3.66; N, 15.37. 

EXAMPLE 52 

N- f 4 - (3-Bromo-Dhenvlamino) -pvrido [3 , 4-dlpyrimidin'- 
6-vn -E. 3 -chloroacrvlamide 

To a -20*=^C solution of 6-amino-4 - [ ( 3 -bromophenyl) 
amino]pyrido [3 , 4-d] pyrimidine (128 mg, 0.4 mmol), and 
cis-3-chloroacrylic acid acid (172 mg, 1.6 mmol) in 
pyridine (2 mL) stirred under N2 was added 
1- (3-dimethylaminopropyl ) -3-ethylcarbodiimide 
hydrochloride (392 mg, 1.5 mmol). After 4.5 hours, 
additional cis-3-chloroacrylic acid acid (57 mg) and 
1- {3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (13 0 mg) were added and the temperature 
was brought to -10°C. After a total reaction time of 
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7 hours, the viscous, dark mixture was diluted with DMF 
and the resultant solution was poured into 1:1 ethyl 
acetate: water. The resultant mixture was shaken 
vigorously and the phases separated. The aqueous phase 
was further extracted (2x) , then the combined organic 
phases were washed with brine {2x) , dried (MgS04), 
filtered through flash SiOs . The filtrate was 
concentrated to a solid that- was dissolved in warm 
ethyl acetate. The solution was purified by column 
chromatography over flash Si02 eluting with ethyl 
acetate. The product fractions were pooled and 
concentrated to solid thac was triturated in 1 : 1 ethyl 
acetate: tert-butyl methyl ether. The solids were 
collected and dried at 0 . 1 mm/25°C to leave product 
(30 mg, 18%) of product, rop 165-1750C (dec) following 
crystallization from ethyl acetate. 

1h NMR ({CD3)2S0): 5 11.09 (s, IH. exchanges D^O) , 
10.38 (s, IH, exchanges D2O) , 9.04 (s, IH) , 9.00 (s, 
IH), 8.66 (s, IH) , 8.16 (t, J" = 1 . 9 Hz , IH) , 7.88 (dt, 
J =7.7, 1.7Hz, IH), 7.40-7.33 (m, 2H) , 7.07 (d, 
J- = 8.0 Hz, IH) , 6.77 (d, J = 8 . 0 Hz , IH) . 
Mass Spectrum (APCI) m/z (relative %): 365.8 (29), 
366.8 (36). 367.8 (35), 368.8 (35), 401.8 (82), 402.8 
(18), 403.8 (100), 404.8 (20), 405.8 (29). 
Analysis calculated for gH^ ^^N^OBrCl • 0 . 2 H2OO.2 
C4HQO2 : 

C, 47.38; H, 3.08; N, 16.44. 
Found: C, 47.53; H, 3.15; N, 16.25. 

EXAMPLE 53 

N-r4 - {3-Bromo-phenvlamino) -nvri<lo r3 . 4-d1 nyrimidi n- 
6-vl ) - propvnamide 

To a -20°C solution of 6-amino-4 - [ ( 3 -bromophenyl ) 
amino]pyrido[3, 4-d]pyrimidine (94 mg, 0.3 mmol), and 
propiolic acid (66 uL, 1.05 mmol) in pyridine (1.2 mL) 
stirred under was added 1- (3-dimethylaminopropyl ) - 
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3 -ethylcarbodiimide hydrochloride (294 mg, 1,5 mmol ) . 
After 2.25 hours, additional propiolic acid (33 uL) and 
1- {3-dimethylaminopropyl) -3-ethylcarbodiiinide 
hydrochloride (147 mg) were added to the cold solution. 
After a total reaction time of 7.5 hours, the viscous, 
dark mixture was diluted with DMF, and the resultant 
solution was poured into 1:1 ethyl acetate : water . The 
resultant mixture was shaken vigorously and the phases 
separated. The aqueous phase was further extracted 
(2x), then the combined organic phases were washed with 
brine (2x), dried (MgSO^ ) , and filtered through flash 
Si02 . The filtrate was concentrated to a solid that 
was dissolved in warm ethyl acetate. The solution was 
purified by column chromatography over flash Si02 
eluting with ethyl acetate. The product fractions were 
pooled and concentrated to solid that was triturated in 
1:1 ethyl acetate : tert-butyl methyl ether. The solids 
were collected and dried at 0.1 mm/25^C to leave 
product (16 mg, 14%), mp >150^C (dec). 

NMR [(CD3)2SO]: 5 11.69 (s, IH, exchanges D2O) , 
10.31 (s, IH, exchanges D2O) , 9.05 (s, IH) , 8.83 (s, 
IH) , 8.68 (s, IH), 8.15 (S, IH) , 7.87 (d, J = 7,2 Hz, 
IH) , 7.40-7.33 (m, 2H) , 4.54 (s, IH) . 

Mass Spectrum (APCI) m/z (relative %): 365.8 (69), 
366.8 (28), 367.8 (100), 368.9 (50), 369.9 (14). 
Analysis calculated for C^^ gH^^ q^S^^^ " ^ • ^ H2OO.I C4HQO2 : 

C, 52.00; H, 2.93; N, 18.49. 
Found: C, 51.89; H, 2.78; N, 18.50. 

EXAMPLE 5 4 

N- f 4~ f ( 3-BromoDhenvl ) amino! cruinazolin-S-vl 1 ~E , 4~ ( 3 - 
( N, N-dimethvlamino ) proDOxv"4-oxobut-2-enamide tris 
trif luor pace t ate 

A solution of 6-amino-4- [ (3-bromophenyl ) amino] 
quinazoline (158 mg, 0.5 mmol) in THF (10 mL) was added 
dropwise over 15 minutes to a solution of fumaroyl 
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chloride (382 mg, 2.5 rtimol) in THF (10 irL) stirred 
under N2 at Qoc . After 1 hour at 0°C, the suspension 
was allowed to settle, and the supernatant was 
decanted. Fresh THF (5 mL) was added, and the 
5 suspension was stirred at 0°C whilst a solution of 

3- (N,N-dimethylamino)propan-l-ol (1.18 mL, 10 mmol) in 
THF (5 mL) was added dropwise . The suspension was 
stirred at 25°C for 1 hour, the solvent was stripped 
under reduced pressure, and the residue was treated 
10 with cold water. The solid was collected by Buchner 

filtration, dissolved in a minimum DMF, and absorbed 
onto silica gel (2 g) and dried. The solid was used as 
the origin in silica gel flash chromatography (50 g) 
eluting with CH2Cl2/MeOH (2:1). The best fractions 
15 were pooled, and stripped, dissolved in acetic 

acid/water (3:2, 2.5 mL), passed through a 0.45 u 
filter, and purified by HPLC on a Vidac CIS 218TP1022 
reverse phase HPLC column, eluting with a 10% to 50% 
gradient of 0.1% TFA in water/0.1% TFA in CH3CN over 
20 60 minutes. The pure fractions were pooled and 

lyophilized to give N- [4- [ (3-bromophenyl) amino] - 
quinazolin-6-yl]-E, 4- (3- (N,N-dimethylamino)propoxy- 
4-oxobut-2-enamide tris trif luoroacetate (51 mg, 12%) 
as a yellow solid, mp eO^C. 
25 1h NMR [(CD3)2SO]: 5 11.14 (s, IH, NH) , 10.85 (br s, 

IH, NH) , 9.57 (br s, IH, NH) , 9.01 (d, J" = 1.7 Hz, IH, 
H5), 8.79 (s, IH, H2). 8.07 (s, IH, H2 • ) , 8.02 (dd, 
J = 2.1, 9.0 Hz, IH, H7), 7.89 (d, J = 8.9 Hz, IH, H8), 
7.78 (d, J = 6.5 Hz, H6'), 7.43 (m, 2H, H4 ' & H5 ■ ) , 
30 7.34 (d, J = 15.4 Hz, IH, H3-butenyl), 6.84 (d, 

J = 15.4 Hz, IH, H2-butenyl), 4.26 (t, J = 6.2 Hz, 2H, 
OCH2), 3.19 (m, 2H, CH2N), 2.81 (d, J = 4.6 Hz, 6H, 
Me) , 2 .05 (m, 2H, CH2 ) . 

Mass Spectrum (APCI): 499.8 (100, ^^BrMH"^), 497.9 
35 (97, '^^bj.jqj+j 
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Calculated for C23H24BrN503 • 3CF3COOH : 

C, 40.15; H, 3.49; N, 8.07%. 
Found: C, 40.06; H, 3.36; N, 8.25%. 



5 EXAMPLE 55 

3- f 4 - (3-Bromo-phenvlamino) -cm inazol in- 6 -vl carbamoyl 1 - 
acrylic acid (Z) 

To a solution of 6-aniino~4- [( 3-bromophenyi ) amino] - 
quinazoline (0.78 g, 2.5 mmol) in 8 ml, of DMF was added 

10 maleic anhydride (0.266 g, 2.7 mmol), and the mixture 

was heated with stirring in a 70°C oil bath for 
2.5 hours. The resulting suspension was cooled to room 
temperature and then diluted with water. The solid was 
collected, washed secjuentially with a mixture of 

15 toluene/DMF (1:1), water, and IPA. The solid was dried 

in vacuo at 60*^C for 16 hours to afford 3- [ 4- ( 3-bromo- 
phenylamino) -cjuinazolin-6-ylcarbamoyl] -acrylic acid (Z) 
(0,87 g, 86%) as a pale yellow powder, mp 224-225^C 
(decomposition with gas evolution) . 

20 NMR [(CD3)2SO]: 5 13.00 (br s, IH, COOH), 10.85 

(br s, IH, NH) , 9.96 (br s, IH, NH ) , 8.73 (d, J = 
1.8 Hz, IH, H5), 8.54 is, IH, H2 ) , 8.11 (br s, IH, 
Me2NCHO) , 7.91-7.75 (m, 4H) , 7.32-7.24 (m, 2H) , 6.46 
(d, J = 12.0 Hz, IH, CH=CH) , 6.35 (d, J = 12.0 Hz, IH, 

25 CH=CH) , 2.84 (s, 3H, Me2NCHO) . 2.68 (s, 3H, Me2NCHO) , 

Mass Spectrum (APCI): 412,8 (100, ®^BrM"^), 410.8 
(96, '^^BrM*); 413.8 (26, ^^BrMH'*'), 411.8 (24, "^^BrMH""). 
Calculated for C]^8^13^^^4^3 ' ^ - ^1 DMF: 
C, 51.94; H, 3.98; N, 14.26%. 

30 Found: C, 51.97; H, 3.98; N, 14.40%. 



EXAMPLE 5 6 

N- f 4- r ( 3 -Bromophenvl ) amino! auinazolin-6 -vl 1 -E. 4- (3- 
( N . N- dime thy lamino ) proovlamino-4 - oxobut - 2 - enamide 
35 A solution of 6-amino-4- [ { 3 -bromophenyl ) amino] 

quinazoline (158 mg, 0.5 mmol) in THF (10 mL) was added 
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dropwise over 15 minutes to a solution of fumaroyl 
chloride (382 mg, 2.5 mmol) in THF (10 mL) stirred 
under N2 at O^C. After 1 hour at 6°C, the suspension 
was allowed to settle, and the supernatant was 
decanted. Fresh THF (5 mL) was added and the 
suspension was stirred at 0°C whilst a solution of 
3- (M,N-dimethylamino)prop-l-ylamine (1.26 mL, 10 mmol) 
in THF (5 mL) was added dropwise . The suspension was 
stirred at 25^0 for 1 hour, the solvent was stripped 
under reduced pressure, and the residue was treated 
with cold water. The solid was collected by Buchner 
filtration, dissolved in boiling MeOH (25 mL) , 
filtered, and the solvent was removed under reduced 
pressure. The residue was dissolved in acetic 
acid/water (3:2, 2.5 mL) , and purified by HPLC on a 
' Vidac C18 218TP1022 reverse phase HPLC column, eluting 
with a 10% to 50% gradient of 0.1% TFA in water/0.1% 
TFA in CH3CN over 60 minutes. The pure fractions were 
pooled and lyophilized to give N- [4- [ (3-bromophenyl) - 
amino]quinazolin-6-yl] -E, 4 - { 3 - (N, N-dimethylamino ) prop- 
l-ylamino-4-oxobut-2-enamide tris tr i f luoroacetate 
(154 mg, 37%) as a yellow solid, mp 40°C. 
^H NMR [(CD3)2SO]: 5 11.02 (s, IH, NH), 9.50 (brs, 
IH, NH), 9.02 (d, J = 1.7 Hz, IH, H5 ) , 8.82 (s, IH, 
H2), 8.74 (t, J = 5.7 Hz, IH, NH) , 8.05 (s, IH, H2 ' ) , 
8.02 (dd, J = 2.1, 9.0 Hz, IH, H7 ) , 7.89 (d, 
J = 8.9 Hz, IH, H8), 7.76 (d, J = 7.2 Hz, H6 ' ) , 7.45 
(m, 2H, H4' & H5'). 7.17 (d, J = 14 . 9 Hz , IH, 
H3-butenyl), 7.05 (d, J = 15.2 Hz, IH, H2-butenyl), 
3.26 (m, 2H, NCH2 ) , 3.08 (m, 2H, CHjN) , 2.79 (d, 
J = 4.8 Hz, 6H, Me), 1.83 (m, 2H, CH2 ) . 

Mass Spectrum (APCI): 498.8 (100, ^^BrMH*), 496.9 (97, 
^^BrMH"^) . 

Calculated for C23H25BrN502 ■ 3CF3COOH: 
C, 41.49; H, 3.36; N, 10.01%. 
Found: C, 41.44; H, 3.60; N, 10.33%. 
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EXAMPLE 57 

4- r O-Bromo-phenvl ) amino 1 -6- ( ethenesul fonvl ) Dvrido- 
r 3 . 4 -d 1 pvr imidine ; 

2- f 4- ( 3 -Bromo-phenvlamino) -pvrido TB . 4 -dl ovrimidin-S- 
vlsulf anvl 1 -ethanol 

A nitrogen purged solution of 2 -mercaptoethanol 
(1.75 roL, 25 mmol), and 4 - [ 3 -bromophenyl ) amino ] - 
6-f luoropyrido [3 , 4-d]pyrimidine (1.6 g, 5 mmol), in 
DMSO (10 mL) was treated with anhydrous cesium 
carbonate (3.26 g, 10 mmol). The stirred solution was 
heated at 50^C for 2 hours, then poured into 2% agueous 
hydrochloric acid (180 mL) . After stirring the 
suspension for 15 minutes, the solids were collected, 
washed well with water, and dissolved in DMF . The 
solution was poured into 1:1 water: ethyl acetate and 
the resultant mixture was extracted with ethyl acetate 
(3x) . The combined extracts were washed with brine, 
dried (MgS04), and filtered through flash Si02 • The 
filtrate was concentrated to a solid that was 
triturated in ethyl acetate. The solids were collected 
to give 1.24 g (66%) the product, mp 182-185°C in 
two crops, and 98 mg (5%) of a third crop, 
mp 179-183°C. 

NMR ((CD3)2SO]: 5 10.03 (s, IH, exchanges D2O) , 
9.10 (s, IH) , 8.69 (s, IH) , 8.35 (s, IH) , 8.22 (t, 
J = 1.9 Hz, IH) , 7.91 (dt, J = 7.7, 1.9 Hz, IH) , 
7.42-7.34 (m, 2H) , 5.04 (t, J = 5.5 Hz, exchanges D2O, 
IH), 3.68 (dd, J = 6.8, 5.7 Hz, 2H) , 3.36 (t, 
J = 6 . 8 Hz , 2H) . 

Mass Spectrum (APCI) m/z (relative %): 374.8 (49), 
375.8 (10), 376.9 (100), 377.8 (23), 378.9 (63), 379.8 
(14) . 

Analysis calculated for C2^5H3^3N40SBr : 

C, 47.76; H, 3.47; N, 14.85. 
Found: C, 47.65; H, 3.38; N, 14.55. 
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2- [4- (3-Bromo-nhenvlam.tnol -nvri .dor3 ■ 4 -dl pvr i mi Hi n«=.- 
6-sul£onvl 1 -ethanol 

A 0~5°C stirred suspension of 2- [4- (3-broino- 
phenylamino ) -pyrido [3,4 -d] pyr iniidin-6 -y Isul f anyl ] - 
ethanol (755 mg, 2 mmol) in chloroform (30 mL) was 
treated with meta-chloroperbenzoic acid (1.27 g, 
57-86%) . The suspension was slowly warmed to 25oc over 
a 4 hour period. After 14.5 and 17.5 hours, 
respectively, the suspension was treated with an 
additional charge of the oxidant (720 mg, 720 mg) . 
After 19.5 hours total reaction time, the thin 
suspension was cooled to 0-5°C, and treated with DMSO 
(2 mL) . Cooling was removed, and the solution was 
stirred for 3 0 minutes. The mixture was then 
distributed between ethyl acetate and 5% aqueous sodium 
bicarbonate. The organic phase was washed with brine, 
dried (MgS04), and concentrated to a reduced volume 
that was purified by flash Si02 column chromatography 
eluting with ethyl acetate. The product fractions were 
combined and concentrated to a solid that was 
crystallized from ethyl acetate to give the product 
(460 mg, 56%), mp 210-212°C. The filtrate was further 
processed to afford 84 mg (10%) of a second crop, 
mp 208-209°C. 

NMR {CF3CO2H): 5 10.96 (s, IH) , 10.90 (s, IH) , 
10.42 (s, IH) , 9.47 (s, IH) , 9.16 (d. J = 8.2 Hz, IH) , 
9.05 (d, J = 8.2 Hz, IH), 8.83 (t, J = 8.0, IH) , 5.81 
(t, J-=5.2Hz, 2H), 5.43 (t, J = 5.2 Hz, 2H). 
Mass Spectrum (APCI) m/z (relative %) : 378.7 (39), 
380.7 (45), 408.7 (100), 409.7 (15), 410.7 (97), 411.7 
(17). 

Analysis calculated for C^^ 5H]^ 3N403SBr : 

C, 44.02; H, 3.20; N, 13.69. 
Found: C, 44.09; H, 3 . 14 ; N, 13 . 44 . 
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4" f ( 3-BrQmo-phenvl ) aminol -6- ( ethenesulf onvl ) nvrido- 
f3 . 4>dlpvrimidine 

To a 0-5°C stirred suspension of 2- (4- ( 3-broino- 
phenylamino) -pyrido [3 , 4-d] pyrimidine-S-sulf onyl ] - 
ethanol (41 mg, 0.1 mmol) , and trie thy lamine (31 ^L, 
0.22 mmol) in dichloromethane (0.5 mL) under N2 was 
added dropwise methanesulf onyl chloride (9.3 uL, 
0.12 mmol). Additional charges of me thanesul f onyl 
chloride (9.3 uL, 9.3 pL) were added after 45 minutes, 
and 1.5 hours, the latter with additional tr iethylamine 
(50 pL) . After reaction for a total of 2.5 hours, the 
cold solution was quenched with 5% aqueous sodium 
bicarbonate, then extracted with ethyl acetate (2x), 
The combined organic extracts were dried (MgSO^) then 
filtered through a pad of flash Si02 . The filtrate was 
concentrated to a solid that was crystallized from 
ethyl acetate to leave the product (17 mg, 44%), 
mp 214-2170C. 

NMR [(CD3)2SO]: 8 10.64 (s, IH , exchanges D2O); 
9.30 (s, IH), 9.25 (s, IH) , 8.87 (s, IH) , 8.16 (s, IH ) , 
7.89-7.85 (m, IH) , 7.39-7.33 (m, 2H). 7.17 (dd, 
J- = 10.0, 16.5 Hz, IH) , 6.46 (d, J = 16.4 Hz, IH), 6.37 
{d, J = 10 .0 Hz, IH) . 

EXAMPLE 58 

N- ( 3 "Bromo-phenvl ) -N- f 6- ( 2 , 5"dioxo-2 . 5-dihvdro~ovrrol- 
l"Vl ) -auinazolin-4-'vn -acetamide 

Sodium acetate (0.10 g, 1.2 mmol) was added to a 
suspension of 3- [4- ( 3-bromo-phenylamino ) -quinazolin-6- 
ylcarbamoyl ] -acrylic acid (Z) (0.25 g, 0.61 mmol) in 
5 mli of acetic anhydride, and the mixture was heated 
under reflux for 30 minutes. After cooling to room 
temperature, the reaction was filterd and the filtrate 
concentrated to dryness in vacuo. The residue was 
taken up in EtOAc and washed secjuentially with 
saturated sodium bicarbonate, water, and brine. The 
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EtOAc portion was dried over magnesiiam sulfate, 
filtered and concentrated to afford a faintly pink 
solid. The solid was recrys tallized twice from EtOAc 
to afford N- (3-bromo-phenyl ) -n- [ 6- ( 2 , 5-dioxo-2 , 5- 
dihydro-pyrrol-l-yl) -quinazolin-4-yl] -acetamide 
(0.104 g, 39%) as an off-white powder, mp 174-175oc. 
1h NMR [CDCI3]: 6 9.24 (s, IH, H2), 8.16 (d, J = 9 Hz , 
IH, H8), 8.10 (d. J = 2 Hz, IH, H5), 8.03 (dd, J = 
9 Hz, J = 2 Hz, IH, H7), 7.59 (t, IH, J = 2 Hz, H2 ' ) , 
7.45 (m, IH, H4'), 7.38 (m, IH, H6 " ) , 7.27 (d, IH, j'= 
7 Hz, H5'), 6.91 (s, 2H, CH=CH) , 2.15 (s, 3H, CH3 ) . 
Mass Spectrum (APCI) : 43 8.7 (89, ^iBrMH""), 436.7 
(79, '^^BrMH*); 439.7 (17, ^^BrM^), 437.7 (19, '^^BrM^); 
470.7 (100, SlBrM^MeOH), 468.8 (95, ^^g^j^+j^^Qj^ ^ 
Calculated for C2oHi3BrN403 : 

C, 54.94; H, 3.00; N, 12.81%. 
Found: C, 54.90; H, 2.97; N, 12.61%. 

The following compounds can be made using the 
schemes and examples provided above: 

1- [4- (3-Bromo-phenylamino) -quinazolin-6-yl ] - 
pyrrole-2 , 5-dione ; 

1- [4- (3-Bromo-phenylamino) -guinazolin-6-yl ] -prop- 
2-en-l-one ; 

Acrylic acid 4- ( 3 -bromo-phenylamino ) -quinazolin-6- 
yl ester; 

Methyl N- [4- t (3-bromophenyl ) amino] -P-ethenyl- 
pyr ido [ 3 . 4 -d] pyr imidin- 6 -yl ] phosphonamida te ; 

Acrylic acid 4- (3-bromo-phenylamino) -quinazolin- 
7-yl ester; 

1- [4- (3-Bromo-phenylamino) -quinazolin-6-yl] -but-3- 
en-2-one ; 

Acrylic acid 4- ( 3 -chloro-4-f luoro-phenylamino ) -7- 
methoxy-qpjinazolin-6-yl ester; 

N- [4- (3-Bromo-phenylamino) -7- {3-morpholin-4-yl- 
propoxy) -pyrido[3, 2-d]pyrimidin-6-yl] -acryl amide; 
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Penta-2,3-dienoic acid (4- ( 3-bromo-phenylamino) - 

quinazolin-5-yl] -amide; 

Propa-l,2-diene-l -sulfonic acid [ 4- ( 3-broino- 

phenylamino) -quinazolin-5-yl] -amide; 
5 Methyl n- t 4- C { 3-bromophenyl) aminol -6- 

quinazolinyl] -P- d. 2-propadienyl)phosphonamidate; 

N- tl- {3-Bromo-phenylamino) -9H-2 , 4 . 9-triaza- 
fluoren-7-yl] -acrylamide; 

N- [4- ( 3 -Bromo- phenyl amino) -9H-1, 3 , 9-triaza- 
10 fiuoren-6-yll -acrylamide; 

N- [4- (3-Chloro-4-f luoro-phenylamino) -quinazolin-6- 

yl) -acrylamide ; 

N- (4-Phenylmethylamino-quinazolin-6-yl) - 

acrylamide; 

(S) -N- [4- (1-Phenyl-ethylamino) -quinazolin-6-yl 1 - 

acrylamide ; 

(R) [4- (i-Phenyl-ethylamino) -quinazolin-e-yll- 
acryiamide; 

But-2-enedioic acid [4- (3-chloro-4-f luoro- 
20 phenylamino) -guinazolin-6-yl] -amide ( 3-dimethylamino- 

propyl ) -amide ; 

N- [4- (3-Chloro-4-f luoro-phenylamino) - 

pyrido [ 3 , 4-d] pyrimidin-6-yl ] -acrylamide ; 

N- [4- (3-Chloro-4-f luoro-phenylamino) - 
25 pyrido [ 3 , 4-dl pyrimidin-6-yl ] -N-methyl-acrylamide ; 

But-2-enedioic acid [4- (3-chloro-4-f luoro- 
phenylamino ) -pyrido 1 3 , 4-d] pyr imidin-6-yl ] -amide 
( 3 -dimethyl amino -propyl ) -amide ; 

But-2-enedioic acid [4- ( 3-chloro-4-f luoro- 
30 phenylamino) -pyrido [3 , 4-d]pyr imidin-6-yn -amide 

(3-imidazol-l-yl-propyl) -amide; 

4, 4-Dif luoro-8-morpholin-4-yl-oct-2-enoic acid 

[4- ( 3 -chloro-4Tf luoro-phenylamino) -pyrido [3 . 4-d] 
pyrimidin-e-yll -amide; 
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8-Dimethylamino-4, 4-dif luoro-oct-2-enoic acid 
[4- (3-chloro-4-fluoro-phenylamino) -pyrido[3 , 4-d] 
pyrimidin-6-yl ] -amide ; 

7-Dimethylamino-4, 4-difluoro-hept-2-enoic acid 
[4- (3-chloro-4-fluoro-phenylamino) -pyrido[3 , 4-d] 
pyrimidin-6-yl] -amide ; 

4, 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- (3-chloro-4-fluoro-phenylamino) -pyrido[3 , 4-d] 
pyrimidin-e-yl] -amide; 

6-Dimethylamino-hex-2-ynoic acid [ 4 - ( 3 -chloro-4- 
f luoro-pheny lamino ) -pyrido [ 3 , 4 -d] pyr imidin- 6-yl ] -amide ; 

6- Morpholin-4-yl-hex-2-ynoic acid { 4- ( 3-chloro-4- 
fluoro-phenylamino) -pyrido [3 , 4-d ]pyr imidin- 6-yl] -amide; 

7- Dimethylamino-hept-2-ynoic acid [ 4- ( 3-chloro-4 - 
fluoro-phenylamino) -pyrido [3 , 4 -d]pyrimidin- 6-yl] -amide; 

7-Morpholin-4-yl-hept-2-ynoic acid [4- {3-chloro-4- 
fluoro-phenylamino) -pyridot3 , 4-d]pyrimidin-6-yl] -amide; 
5-Dimethylamino-pent-2-ynoic acid [4- {3-chloro-4- 

fluoro-phenylamino)-pyrido[3,4-d]pyrimidin-6-yl] -amide; 

5-Morpholin-4-yl-pent-2-ynoic acid [ 4- ( 3-chloro-4- 
f luoro-phenylamino ) -pyrido [ 3 , 4-d) pyrimidin-6-yl ] -amide ; 

5-Imidazol-l-yl-pent-2-ynoic acid [ 4 - ( 3 -chloro-4 - 

fluoro-phenylamino) -pyrido [3, 4-d] pyr imidin-6-yl] -amide; 

5- (4-Methyl-piperazin-l-yl-pent-2-ynoic acid 
[4- {3-chloro-4-f luoro-phenylamino) -pyrido [3 , 4-d) 
pyrimidin- 6-yl] -amide; 

4- [4- (3-Chloro-4-f luoro-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6-ylcarbamoyl] -but-3-enoic acid 2-(4-methyl- 
piperazin-l-yl ) -ethyl ester; 

4- [4- (3 -Chloro-4 -fluoro-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6-ylcarbamoyl]-but-3-enoic acid 2-{imidazol- 
1-yl) -ethyl ester; 

Pent-2-enedioic acid 1- {[ 4- { 3 -chloro-4-f luoro- 
phenylamino) -pyrido [3 , 4-d] pyrimidin- 6-yl] -amide) 5-[ (3- 
morpholin-4-yl-propyl) -amide] ; 
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Pent-2-enedioic acid 1- { [ 4 - ( 3 -chloro-4 - f luoro- 
phenylamino) -pyrido[3 , 4-d) pyrimidin-6-yl) -amide} 5- [ (3~ 
diethylamino-propyl ) -amide] ; 

4- [4- { 3-chloro-4-f luoro-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6-ylcarbamoyl] -but-3-enoic acid 2-morpholin- 
4-yl-ethyl ester; 

Pent-2-enedioic acid 1- {[ 4- ( 3 -chloro-4- f luoro- 
phenylamino) -pyrido [3 , 4-d]pyrimidin-6-yl] -amide) 5- { [3- 
4-methyl-piperazin-l-yl) -propyl] -amide) ; 

(3-Chioro-4-f luoro-phenyl ) - {6- [2- { 3 -dimethy lamino- 
propoxy) -ethenesulfonyl] -pyrido [3 , 4-d] pyrimidin-4-yl ) - 
amine ; 

( 3 -Chloro-4 -fluoro-phenyi )-(6-{2-[4-(4 -methyl - 
piperazin-l-yl ) -butylamino ] -ethenesuif onyl } - 
pyrido [3 , 4-d) pyrimidin-4-yl ) -amine; 

(3-Chloro-4-f luoro-phenyl) - [6- ( 5-morpholin-4-yl- 
pen t - 1 -ene- 1 - sul f ony 1 ) -pyrido [ 3 , 4 -d] pyr imidin- 4 -y 1 } - 
amine ; 

(3-Chloro-4-f luoro-phenyl ) - { 6-ethenesulf inyl- 
pyrido [3 , 4-d] pyrimidin-4-yl ] -amine; 

3- [4- ( 1-Phenyl-ethylamino) -quinazolin-e- 
ylcarbamoyl ] -acrylic acid 2-morpholin-4-yl~ethyl ester; 

But-2-enedioic acid ( 4-imidazol-l-yl-butyl ) -amide 
[4- ( 1 -phenyl -e thy lamino) -quinazolin-6-yl ) -amide; 

4- [4- ( 1-Phenyl-ethylamino) -quina2olin-6- 
ylcarbamoyl] -but-3-enoic acid 3 -diethyiamino-propyl 
ester; 

Pent-2-enedioic acid 5- { [ 2- ( 4-methyl-piperazin-l- 
yl) -ethyl] -amide) l-{ [4- ( 1-phenyl-ethylamino ) - 
quinazolin-6-yl] -amide) ; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- { 1 -phenyl -e thy lamino) -quinazolin-6-yl] -amide; 

7 -Dimethyl amino -4 , 4-dif luoro-hept-2-enoic acid 
[4- { 1-phenyl-ethylamino) -Quinazolin-6-yl ] -amide ; 

7-Imidazol-l-yl-hept-2-ynoic acid [4- ( 1-phenyl- 
ethylamino) -quinazolin-6-yl] -amide ; 
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6-Dimethylamino-hex-2-ynoic acid [ 4 - ( 1-phenyl- 
ethylamino) -quinazolin-6-yi] -amide; 

But-2-enedioic acid [4- (3-bromo~phenylamino) - 
pyridot3, 4-d]pyrimidin-6-yl] -amide ( 3 -dimethylamino- 
propyl ) -amide ; 

But-2-enedioic acid [ 4- ( 3 -bromo-phenylamino ) - 
pyrido[3, 4-d)pyrimidin-6-yl] -amide (3-imidazol-l-yl- 
propyl ) -amide ; 

4, 4-Difluoro-8-morpholin-4-yl-oct-2-enoic acid 
[4- {3-bromo-phenylamino) -pyrido[3 , 4-d] pyrimidin-6-yl ] - 
amide ; 

8-Dimethylamino~4, 4 ~dif luoro-oct-2 -enoic acid 
[4- {3-bromo-phenylamino> -pyrido[3 , 4-d] pyrimidin-6-yl ] - 
amide ; 

7-Dimethylamino-4, 4 -dif luoro-hept-2 -enoic acid 
[4- (3-bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 6 -yl ] - 
amide ; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- (3-bromo-phenylamino) -pyrido[3 , 4-d] pyrimidin-6-yl ] - 
amide ; 

6-Dimethylamino-hex-2-ynoic acid [4- (3-bromo- 
phenylamino) -pyrido [3 , 4 -d] pyr imidin-6-yl ] -amide; 

6- Morpholin-4-yl-hex-2-ynoic acid [4- (3-bromo- 
phenylamino) -pyrido [3 , 4 -d] pyr imidin-6-yl ] -amide; 

7- Dimethylamino-hept-2-ynoic acid {4- (3-bromo- 
phenylamino) -pyrido [3 , 4-d]pyrimidin-6-yl] -amide; 

7-Morpholin-4-yl-hept-2-ynoic acid [4- (3-bromo- 
phenylamino) -pyrido [3 , 4-d]pyrimidin-6-yl ] -amide ; 

5-Dimethylamino-pent-2-ynoic acid [4- {3-bromo- 
phenylamino ) -pyrido [ 3 , 4 -d] pyr imidin- 6 -y 1 ] -amide ; 

5-Morpholin-4-yl-pent-2-ynoic acid [4-(3-bromo- 
phehylamino) -pyrido [3 , 4-d]pyrimidin-6-yl ] -amide ; 

5-Imidazol-l-yl-pent-2-ynoic acid [4- (3-bromo- 
phenylamino ) -pyrido [ 3 , 4 -d] pyr imidin- 6-yl ] -amide ; 
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5- {4-Methyl-piperazin-l-yl) -pent-2-ynoic acid 
[4 - {3-broino-phenylamino) -pyrido[3 , 4-dlpyrimidin-6-yl] - 
amide ; 

4- [4- (3 -Br omo -phenyl amino) -pyrido [3 , 4 -d] pyrimidin- 
e-ylcarbamoyl ] -but-3-enoic acid 2- ( 4-methyl-piperazin- 
1-yl) -ethyl ester; 

4- [4- (3-Bromo-phenylamino) -pyrido [3 , 4-d)pyrimidin- 
6-ylcarbamoyl] -but-3-enoic acid 2-imidazol-l-yl-ethyl 
ester ; 

Pent~2-enedioic acid 1- ( [ 4- (3 -bromo-phenylamino) - 
pyrido [3 . 4 -d] pyrimidin-6-yl] -amide} 5- [ ( 3 -morpholin- 
4 -yl -propyl) -amide] ; 

Pent-2-enedioic acid 1- { [4- ( 3 -bromo-phenylamino ) - 
pyrido (3 , 4 -d] pyrimidin-6-yl ] -amide} 5- [ ( 3 -diethylamino- 
propyl) -amide] ; 

4- [4- (3 -Bromo-phenylamino) -pyrido [3 , 4-d] pyrimidin- 
6-ylcarbamoyl] -but-3-enoic acid 2 -morpholin-4-yl-ethyl 
ester ; 

Pent-2-enedioic acid 1- { [4- ( 3 -bromo-phenylamino ) - 
pyrido [3 , 4 -d] pyrimidin- 6-yl ] -amide} 5- { [3- (4-methyl- 
piperazin- i-yl ) -propyl ] -amide) ; 

( 3 -Bromo -phenyl ) - { 6- [2- ( 3 -dimethylamino-propoxy ) - 
ethenesulf onyl] -pyrido [ 3 , 4-d]pyrimidin-4-yl} -amine ; 

(3-Bromo-phenyl) -(6-{2-[4- ( 4-me thyl-piperazin-l- 
yl ) -butylamino] -ethenesulfonyl } -pyrido [3 , 4-d] pyrimidin- 
4-yl)-amine; 
( 3 -Bromo-phenyl ) - [6- ( 5-morpholin-4-yl-pent-l-ene- 
1-sulfonyl) -pyrido[3 , 4 -d] pyrimidin-4 -yl ] -amine; 

(3-Bromo-phenyl ) - ( 6 -ethenesulf inyl-pyrido [3 , 4-d] 
pyrimidin-4 -yl ) -amine; 

But-2-enedioic acid [4- (3-chloro-4-f luoro- 
phenylamino ) -quinazolin-6-yl ] -amide ( 3 -dimethylamino- 
propyl ) -amide ; 

But-2-enedioic acid [4- ( 3 -chloro-4-f luoro- 
phenylamino) -quinazolin-6-yl ] -amide ( 3-imidazol-l-yl- 
propyl ) -amide ; 
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4 , 4-Dif luoro-8-morpholin~4-yl-oct-2-enoic acid 
[4- ( 3-chloro-4-f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

8-Dimethylamino-4 , 4-dif luoro-oc t-2-enoic acid 
[4- ( 3-chloro-4-f luoro-phenylamino) -quinazolin-6-yl } - 
amide; 

7-Dimethylamino-4 , 4-dif luoro-hept-2-enoic acid 
[4- { 3-chloro-4-f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

4 , 4~Dif luoro-7-morpholin-4-yl-hept-2^enoic acid 
[4- ( 3-chloro-4*f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

6-Dimethylamino-hex-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino ) -quinazolin-6-yi ] -amide ; 

6- Morpholin-4-yl-hex-2-ynoic acid [4- (3-chioro-4- 
f luoro-phenylamino) -quinazolin-6-yl ] -amide; 

7- Dimethylamino-hept-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino) -quinazolin-6-yl ] -amide; 

7-Morpholin-4-yl-hept-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino ) -quinazolin-6-yl ] -amide; 

5-Dimethylamino-pent-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino) -cjuinazolin-6-yl ] -amide; 

5-Morpholin-4-yl-pent-2-ynoic acid [4- {3-chloro-4- 
f luoro-phenylamino) -quinazolin-6-yl ] -amide ; 

5-Imidazol-l-yl-pent-2-ynoic acid [4- (3-chloro-4- 
f luoro-phenylamino) -quinazolin-6-yl] -amide; 

5- (4-Methyl-piperazin-l-yl) -pent-2-ynoic acid 
[4- { 3 -chloro-4-f luoro-phenylamino) -quinazolin-6-yl ] - 
amide ; 

Pent-2-enedioic acid 1- {[ 4- ( 3-chloro-4-f luoro- 
phenylamino) -quinazolin-6-yl] -amide} 5- [ (3-morpholin- 
4 -yl -propyl ) -amide] ; 

Pent-2-enedioic acid 1- {[ 4- ( 3-chloro-4-f luoro- 
phenylamino) -c5uinazolin-6-yl ] -amide} 5 - [ (3- 
diethylamino-propyl ) -amide] ; 
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4- (4- ( 3~Chloro-4-f luoro-phenylarnino) -cjuinazolin- 
6-ylcarbamoyl ] -but-3-enoic acid 2-morpholin-4-yl-ethyl 
ester ; 

Pent-2-enedioic acid 1- { [ 4- (3-chloro-4-f luoro- 
5 phenylamino) -Quinazolin-6-yl ] -amide) 5- { [3- (4-methyl- 

piperazin-l-yl ) -propyl] -amide) ; 

(3-Chloro-4-f luoro-phenyl) - (6- [2 - { 3-dimet:hylamino- 
propoxy ) -e thenesuif onyl ] -quinazolin-4 -yl ) -amine ; 

{ 3 -Chloro-4-f luoro-phenyl )-(6-{2-[4-{ 4 -methyl - 
10 piperazin- 1-yl ) -butyl amino ] -ethenesul f onyl } -quinazolin- 

4 -yl ) -amine ; 

But-2-enedioic acid [ 4- ( 3 -bromo-phenylamino ) - 
quinazolin-6-yl] -amide ( 3 -dimethylamino-propyl) -amide; 
But-2-enedioic acid [4- { 3 -bromo-phenylamino) - 
15 quinazolin-6-yl] -amide ( 3-imidazol-l-yl-propyl ) -amide; 

4, 4-Dif luoro-8-morpholin-4-yl-oct-2-enoic acid 
[4- ( 3 -bromo-phenylamino ) -quinazolin-6-yl ] -amide; 

8-Dimethylamino-4 , 4-dif luoro-oct-2-enoic acid 
[4- ( 3 -bromo-pheny lamino ) -quinazolin-6-y 1 ] -amide ; 
20 7-Dimethylamino-4 , 4 -dif luoro-hept-2 -enoic acid 

[4- ( 3 -bromo-phenylamino ) -quinazolin-6-yl ] -amide; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- (3 -bromo-phenylamino) -quinazolin-6-y 1 ] -amide; 

6-Dimethylamino-hex-2-ynoic acid [4- (3-bromo- 
25 phenylamino) -quinazolin-6-yl ] -amide; 

6 - Morpho 1 in - 4 -y 1 -hex- 2 -ynoi c ac id [ 4 - ( 3 - bromo - 
phenylamino) -quinazolin-6-yl ] -amide; 

7- Dimethylamino-hept-2-ynoic acid [4- (3-bromo- 
phenylamino) -quinazolin-6-yl ] -amide; 

3 0 7-Morpholin-4-yl-hept-2-ynoic acid 

( 4- (3 -bromo-phenylamino) -ciuinazolin-6-yl } -amide; 

5- Dimethylamino-pent-2-ynoic acid [4- (3-bromo- 
pheny lamino) -quinazolin-6-yl ] -amide; 

5-Morpholin-4-yl-pent-2-ynoic acid [4- (3-bromo- 
35 phenylamino) -quinazolin-6-yl ] -amide; 
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5-Imidazol-l-yl-pent-2-ynoic acid [4-(3-bromo- 
phenylamino) -quinazolin-6-yl] -amide ; 

5~ (4-Methyl-piperazin-l-yl) -pent-2 -ynoic acid 
[4- O-bromo-phenylamino) -quinazolin-6-yl ] -amide; 

4- [4- ( 3 -Br omo -phenyl amino) -quina2olin-6- 
ylcarbamoyl] -but-3-enoic acid 2-(4-methyl- 
piperazin-l-yl) -ethyl ester; 

4- [4- (3-Bromo-phenylamino) -quinazolin-6- 
ylcarbamoyl] -but-3-enoic acid 2-imidazol-l-yl-ethyl 
ester ; 

Pent-2-enedioic acid 1- { t 4 - ( 3 -bromo-phenylamino ) - 
quinazolin-S-yl] -amide} 5- [ (3-morpholin-4-yl-.propyl ) - 
amide] ; 

Pent-2-enedioic acid 1- { [4- (3-bromo-phenylamino) 
quinazolin-6-yl] -amide} 5- [ ( 3 -diethylamino-propyl ) - 
amide] ; 

4- [4- {3-Bromo-phenylamino) -quinazolin-6- 
ylcarbamoyl] -but-3-enoic acid 2-morpholin-4-yl-ethyl 
ester; 

Pent-2-enedioic acid 1- { [ 4- {3-bromo-phenylamino) - 
quinazolin-6-yl] -amide} 5-{ [3- ( 4-methyl-piperazin- 
1-yl ) -propyl ] -amide} ; 

3- [4- (l-Phenyl-ethylamino) -pyrido [3 , 4-d] pyrimidin- 
6-ylcarbamoyl] -acrylic acid 2-morpholin-4 -yl-ethyl 
ester; 

But-2-enedioic acid (4-imidazol-l-yl-butyl ) -amide 
[4- ( 1-phenyl-ethylamino) -pyrido [3 , 4-d] pyrimidin-6-yl ] - 
amide ; 

4- [4- (l-Phenyl-ethylamino) -pyrido [3 , 4-d] pyr imidin- 
6-ylcarbamoyl] -but-3-enoic acid 3-diethylainino-propyl 
ester; 

Pent-2-enedioic acid 5- { [2- ( 4-methyl-piperazin- 
1-yl) -ethyl] -amide} l-{ [4- ( 1-phenyl-ethylamino) - 
pyrido [3 , 4 -d] pyrimidin-6-yl ] -amide} ; 
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4 , 4-Dif iuoro-7-morpholin-4-yl-hept-2-enoic acid 
[4- { l-phenyl-ethylamino) -pyrido[3 , 4-d] pyr imidin-6-yl ] - 
amide ; 

7-Diinethylamino-4 , 4-dif luoro-hept-2-enoic acid 
5 [4_ ( i-phenyl-ethylamino) -pyrido(3, 4-dl pyriinidin-6-yl ] - 

cunide ; 

7-Imidazol-l-yl-hept-2-ynoic acid [ 4- ( 1-phenyl- 
ethyiamino) -pyrido[3, 4-d] pyriniidin-6~yl ] -amide; 

6-Diinethylamino-hex-2-ynoic acid [ 4-- ( 1-phenyl- 
10 ethyiamino) -pyrido [3 , 4-d]pyrimidin-6'yl ] -amide ; 

Bu t-2 -endioic acid [ 4- ( 3 -chloro-4- 
f luorophenylamino) -7 - f luoroquinazolin-6-yl ] amide 
( 3 -dime thy laminopropy 1 ) amide ; 

But-2-endioic acid [7-chloro-4- (3-chloro-4- 
. 15 f luorophenylamino) quina2olin-6-yl ] amide 

( 3 -dime thy laminopropy 1 ) amide ; 

N- [4- [3- (Bromophenyl) amino] -5-fluoro-7- [3-{4- 
morpholino)propoxy lciuinazolin-6-yl] acrylamide ; and 

N- [4- [ (3- (Chloro-4-f luorophenyl ) amino] -5-f luoro-7- 
20 ( 1 , N-imidazoyl ) propoxy ] quinazoiin-6-yl ) acrylamide . 



BIOLOGICAL METHODS 

Tissue Culture 

25 A431 human epidermoid carcinoma cells were 

obtained from the American Type Culture Collection, 
Roclcville, MD and maintained as monolayers in dMEM 
(Dulbecco's modified eagle mediiam) /F12 , 50:50 
(Gibco/BRL) containing 10% fetal bovine serum. For 

30 growth inhibition assays, dilutions of the designated 

compound in 10 uL were placed in 24 -well Linbro plates 
(1.7 X 1,6 cm, flat bottom) followed by the addition of 
cells (2 X 10^) in 2 mL of media. The plates were 
incubated for 72 hours at 37°C in a humidified 

3 5 atmosphere containing 5% CO2 in air. Cell growth was 

determined by cell count with a Coulter Model AM 
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electronic cell counter (Coulter Electronics, Inc., 
Hialeah, FL) . 

Purification of Epidermal Growth Factor Recep tor 
Tyrosine Kinaae 

Human EGF receptor tyrosine kinase was isolated 
from A431 human epidermoid carcinoma cells by the 
following method. Cells were grown in roller bottles 
in dMEM/F12 media (Gibco/BRL) containing 10% fetal calf 
serum. Approximately 10^ cells were lysed in 2 volumes 
of buffer containing 20 mM [ 2 -hydroxyethyl ] - 
piperazine-N' - [2-ethane sulfonic acid] (Hepes ) , pH 7.4, 
5 mM ethylene glycol-bis ( [i-aminoethyl ether) N, N, N', 
N' -tetraacetic acid (EGTA), 1% Triton X-100, 10% 
glycerol, 0.1 mM sodium or thovanada te , 5 mM sodium 
fluoride, 4 mM pyrophosphate, 4 mM benzamide, 1 mM 
dithiothreitol (DTT) , 80 pg/mL aprotinin, 40 ug/mL 
leupeptin, and 1 mM phenylmethyl sulfonyl fluoride 
(PMSF) . After centr if ugation at 25,000 x g for 
10 minutes, the supernatant was applied to a fast 
Q sepharose column (Pharmacia Biotech., Inc., 
Piscataway, NJ) and eluted with a linear gradient from 
0.1 M NaCl to 0.4 M NaCl in 50 mM Hepes, 10% glycerol, 
pH 7.4. Enzyme active fractions were pooled, divided 
into aliquots, and stored at -100°C. Fibroblast growth 
factor receptor (FGFR) , platelet-derived growth factor 
(PDGF), insulin, and c-src tyrosine kinases were 
obtained by methods well-known in the art. For 
example, see Fry, et al . , "Strategies For The Discovery 
Of Novel Tyrosine Kinase Inhibitors With Anticancer 
Activity, Anticancer Drug Design, 1994;9:331-351, 

Tyrosine Kinase Assays 

Enzyme assays for IC50 cie terminations were 
performed in 96 well filter plates (Millipore 
MADVN6550, Millipore, Bedford, MA) . The total volume 
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was 0.1 mil containing 20 mM Hepes, pH 7.4, 50 uM sodium 
vanadate, 40 mM magnesium chloride, 10 uM adenosine 
triphosphate (ATP) containing 0.5 pCi of [-^^PIATP, 
20 pg of poly Glutamic acid/ tyrosine (Sigma Chemical 
Co., St. Louis, MO), 10 ng of EGF receptor tyrosine 
kinase and appropriate dilutions of inhibitor. All 
components except the ATP are added to the well and the 
plate incubated with shaking for 10 minutes at 25*^C. 
The reaction is started by adding [-^^P]ATP, and the 
plate is incubated at 25°C for 10 minutes. The 
reaction is terminated by addition of 0.1 mL of 20% 
trichloroacetic acid (TCA) . The plate is kept at 4<^C 
for at least 15 minutes to allow the substrate to 
precipitate. The wells are then washed 5 times with 
0.2 mL of 10% TCA and -^^P incorporation determined with 
a Wallac beta plate counter (Wallac, Inc., 
Gaithersburg, PA) . Assays using intracellular kinase 
domains of PDGF, FGF , and insulin receptors, as well as 
those for c-src, were performed as described for the 
EGF receptor except that 10 mM Manganese chloride was 
included in the reaction. 

Western Blotting Procedure 

Extracts were made by lysing the monolayers in 
0.2 mL of boiling Laemlli buffer (2% sodium dodecyl 
sulfate, 5% beta-mercaptoethanol , 10% glycerol and 
50 mM tris [hydroxymethyl] aminomethane (Tris) , pH 6.8), 
and the lysates were heated to lOO^C for 5 minutes. 
Proteins in the lysate were separated by polyacrylamide 
gel electrophoresis and elec trophoretically transferred 
to nitrocellulose. The membrane was washed once in 
10 mM Tris, pH 7.2, 150 mM NaCl, 0.01% Azide (TNA), and 
blocked overnight in TNA containing 5% bovine serum 
albumin and 1% ovalbumin. The membrane was blotted for 
2 hours with antiphosphotyrosine antibody (UBI, 1 pg/mL 
in blocking buffer) and then washed twice in TNA, once 
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in TNA containing 0.05% Tween-20 detergent and 0.05% 
nonidet P-40 detergent and twice in TNA. The membranes 
were then incubated for 2 hours in blocking buffer 
containing 0.1 uCi/mL of [ ^^^IJprotein A and then 
washed again as above. After the blots were dry, they 
were loaded into a film cassette and exposed to X-AR 
X-ray film {Eastman Kodak Co., Rochester, NY) for 1 to 
7 days. Band intensities were determined with a 
Molecular Dynamics laser densitometer. 

Autophosohorvlation Assay 

A431 human epidermoid carcinoma cells were grown 
in 6-well plates to about 80% confluency and then 
incubated in serum- free media for 18 hours. Duplicate 
sets of cells were treated with a range of 
concentrations of the designated compound to be tested 
as an inhibitor for 15 minutes. The cells were then 
stimulated with 100 ng/mL of EGF for 5 minutes and 
extracts made as described under the Western Blotting 
Procedure . 

Irreversibility Test Protocol 

A431 human epidermoid carcinoma cells were grown 
in 6-well plates to about 80% confluency and then 
incubated in serum-free media for 18 hours. Duplicate 
sets of cells were treated with 2 pM of designated 
compound to be tested as an irreversible inhibitor for 
either 1 or 2 hours. One set of cells was then 
stimulated with 100 ng/mL of EGF for 5 minutes and 
extracts made as described under the western blotting 
procedure. The other set of cells were washed free of 
the compound with warmed serum- free media, incubated 
for 2 hours, washed again, incubated another 2 hours, 
washed again, and then incubated a further 4 hours. 
This set of cells was then stimulated with EGF and 
extracts made similar to the first set of cells. 



wo 97/38983 



PCT/US97/05778 



-141- 

R^sults 

Table 1 shows the IC50 values of various compounds 
for inhibition of the isolated EGF receptor tyrosine 
kinase in the first column, and for inhibition of EGF- 
stimulated autophosphorylation of the EGF-receptor in 
A431 cells in the second column. Most compounds of the 
current invention inhibited the isolated enzyme with 
low nanomolar or subnanomolar potency and the majority 
had low nanomolar potency when inhibiting cellular 
autophosphorylation. Table 2 indicates the ability of 
A431 cells to recover EGF receptor autophosphorylation 
activity after complete suppression of the enzyme by 
these compounds followed by their removal from the 
medium. The first set of cell extracts (2nd column) 
shows that many of the compounds tested completely 
suppressed EGF receptor autophosphorylation after the 
initial 2 hour incubation. The third column in Table 2 
shows the percent return of EGF receptor 
autophosphorylation activity after the washes and 
incubation in compound- free medium as described in the 
methods. At least 30 of the compounds retained 50% or 
greater inhibition of kinase activity after this 
treatment with at least 23 of the compounds showing 
90%-100% inhibition of the original enzyme activity. 
Cells treated with all other compounds tested were able 
to recover 86% to 100% of their EGF-dependent 
autophosphorylation activity. Reversibility studies 
where the incubation time was carried out further 
indicate that the time required for return of 50% of 
the activity was 21 hours (Table 3). A specific 
sidechain requirement for irreversible interaction is 
illustrated by the fact that Compound 9, a very close 
analog of Compound 3 with equally potent inhibitory 
activity against the enzyme, was con^letely reversible. 
Furthermore the requirement for a conjugated alkene in 
the sidechain is demonstrated by comparing Compounds 3 
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and 11 with their saturated analogues 17 and 28. In 
these cases the compounds all show similar potency 
against the isolated enzyme and are not well 
differentiated in the autophosphorylation assay, but 
Compounds 17 and 28 have no inhibitory effect at the 
end of 8 hours washoff, whereas the irreversible 
inhibitors Compounds 3 and 11 have 89% and 100% 
inhibition of the enzyme at that time. 

Table 4 illustrates that Compound 3 retains very 
high specificity for the EGF receptor tyrosine kinase 
as opposed to other tyrosine kinase enzymes and 
indicates that the active sidechain in Example 3 does 
not indiscriminately interact with other enzymes. 

Finally, Compound 3 was tested for its ability to 
inhibit proliferation in A431 human epidermoid 
carcinoma cells. An IC5Q of 0,3 0 ± 0.09 micromolar was 
obtained indicating its ability to stop tumor growth. 

The properties of an irreversible inhibitor are 
attractive because it would help circumvent or solve 
the potential problems of a short plasma half-life 
and/or a requirement for prolonged suppression of its 
target. One bolus injection at an appropriate dose of 
an irreversible inhibitor would in effect be enough to 
abolish the existing target activity, and the return of - 
that activity would be dependent on the rate of 
resynthesis of the target. Since it is known that the 
half-life for turnover of the EGF receptor is 20 hours 
in A431 cells, an inhibitor could keep the receptor 
suppressed with administration once or twice a day. 
This eliminates the need for multiple injections, or 
the use of infusion or osmotic pumps. Alternatively, 
it can allow for lower doses to be used in multiple or 
continuous dosing regimens to achieve results with an 
irreversible inhibitor, as the receptor activity is no 
longer being repressed under equilibrium binding 
conditions . 
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TABLE 1 

IC50S OF EXAMPLES AGAINST ISOLATED EGFR 
KINASE ACTIVITY AND EGFR 



AUTO PHOSPHORYLATION IN A4 31 CELLS 
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TABLE 1 (cont'd) 


IC50S 


OF EXAMPLES AGAINST 
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KINASE ACTIVITY 
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IC5Q (nM) 


40 


0 . 76 




2.4 


41 


1.1 




5.6 


42 


23 




173 


43 


1.4 




24 


44 


21 




327 


45 


1 . 6 




1039 


46 


1.2 




120 


47 


z . / 




67 


48 


1 . 1 




?7 


49 


4 .2 




2280 


50 


0 . 5 




7 . 7 


51 


9 . 1 




77 


52 


0 . 69 




20 


53 


0 . 81 




52 


54 


2.4 




108 


55 


0 .37 




>500 


56 


0.44 




59 


57 


0 .43 




>500 


58 


124 




>500 



BNSDOCID: <WO 9738983A1 J_> 



wo 97/38983 



PCT/US97/05778 



10 



15 



20 



25 



30 



35 



40 



-145- 
TABLE 2 

RECOVERY OF EGF RECEPTOR AUTO PHOSPHORYLATION ACTIVITY 

IN A431 CELLS AFTER EXPOSURE TO 2 uM INHIBITOR 

% Control % Control After 

Example After 8 Hours in ^^ ^i^ 

^ Irreversible 
No. 2 -Hour Drug-Free Medxa 





Incubation 


Incubation 




2 


0 


92 


N 


3 


1 


13 


Y 


4 


55 


98 


N 


5 






N 


6 






N 


7 






N 


8 


0 


95 


N 


9 


0 


99 


N 


11 


0 


0 


Y 


12 


85 


100 


N 


13 


1 


90 


N 


14 


0 


50 


Y 


15 


0 


85 


N 


16 


30 


85 


N 


17 


0 


100 


N 


18 


0 


0 


Y 


19 


0 


0 


Y 


2 0 


0 


0 


Y 


2 1 


0 


0 


Y 


22 


0 


0 


Y 


23 


0 


0 


Y 


24 


0 


0 


Y 


25 


0 


0 


Y 


26 


0 


0 


Y 


27 


0 


96 


N 


2 8 


0 


100 


N 


29 


0 


100 


N 


30 


0 


0 


Y 


31 


0 


35 


Y 


32 


0 


0 


Y 


33 


0 


0 


Y 


34 


0 


0 


Y 


35 


0 


20 


Y 


36 


0 


0 


Y 


37 


0 


0 


Y 


38 


0 


0 


Y 


39 


0 


80 


N 


40 


0 


0 


Y 


41 


0 


0 


Y 
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TABLE 


2 


( cont 


•d) 




RECOVERY 


OF EGF RECEPTOR 


AUTOPHOSPHORYLATION ACTIVITY 


IN A431 CELLS AFTER EXPOSURE 


TO 2 yM 


INHIBITOR 




% Control % 


Control 


After 




Example 


After 


8 


Hours 


in 


I IT r* ©\r^ r~ <^ i V^l 


No. 


2 -Hour Drug 


-Free 


Media 




Incubation 


Incubation 




42 


12 




50 




Y 


43 


0 




0 




Y 


44 


13 




42 




Y 


45 


n 
u 




21 




Y 


46 


19 




59 




Y 


47 


0 




26 




Y 


A D 


0 




53 




Y 


49 


50 




75 




N 


50 


0 




32 




Y 


51 


12 




32 




Y 


52 


0 




0 




Y 


53 


0 




0 




Y 


54 


0 




3 




Y 


55 


32 




32 




Y 


56 


0 




0 




Y 


57 


43 




39 




Y 


58 


81 




95 




N 



25 

TABLE 3 

REVERSIBILITY OF EGF RECEPTOR AUTOPHOSPHORYLATION 
INHIBITOR IN A431 CELLS TREATED FOR 2 HOURS WITH 
2 uM OF COMPOUND 3 OR COMPOUND 9 INHIBITOR 



30 


Hours in 
Drug -Free 
Media 


Compound 3 
% of Control 

Autophos- 
phoryiation 


Compound 9 
% of Control 

Autophos- 
phorylation 




0 


0 


4 




4 


12 


24 


35 


8 


23 


100 




23 


54 


100 
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TABLE 4 

EFFECT OF EXAMPLE 3 ON INHIBITION OF DIFFERENT 

TYROSINE KINASES IC50 



5 


EGFR 


C-SRC 


Insulin 


PDGF 


FGFl 




0.36 


>2, 500 


>50, 000 


>50, 000 


>50, 000 



In Vivo Data 

10 Female nude mice (NCr nu/nu, Taconic Farms) 

18-20 g were implanted SC with tumor fragments 
(approximately 30 mg) in the region of the right axilla 
on Day 0. The tumor used in this study was an NIH 3T3 
fibroblast transfected with the h-EGF receptor (Decker, 

15 et al., Biol Chem, 1990;265:7009-7015). This model 

is very tumorigenic, producing a 100% take rate, and 
doubles in volume in less than 2 days. The compound of 
Example 3 was administered intraperi toneally every 
12 hours on Days 3 through 7 for a total of 

20 10 injections (5 mice per group). The vehicle was 6% 

dimethyl acetamide in 50 mM lactate buffer, pH 4.0. 
Tumor volumes were recorded three times per week by 
measuring the length and width of the individual tumors 
and calculating the mass in milligrams according to the 

2 5 formula (a x b^)/2, where a and b are the length and 

width of the tumor. Percent T/C (treated/control) was 
calculated based on the ratio of the median tumor 
volume of the treated tumors compared with the median 
tumor volume of the control tumors on specified 

3 0 measurement days. 

Treatment at both 100 and 30 mg/kg/injection 
inhibited tumor growth by 40% to 50% as assessed on 
Days 7, 10, and 12 of the experiment. No activity was 
observed at 10 or 3 mg/kg/injection. No weight loss, 
35 lethality, or clinical signs of toxicity were observed 

at any dose level. 
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% T/C 



Group 






7 


Day 
10 


12 


Control 






100 


100 


100 


Example 


No . 


3 @ 100 (mg/kg/injection) 


57 


70 


57 


Example 


No . 


3 @ 30 (mg/kg/injection) 


48 


66 


53 


Example 


No . 


3 @ 3 (mg/kg/injection) 


115 


138 


113 



Additional In Vivo Testing 

Using a similar protocol to that described above, 
with the exception that six mice per group are used, 
and the dosing schedules are as described, several 
compounds have been tested against a variety of tumor 
xenografts. These include the h-EGF receptor 
transfected NIH 3T3-transf ected fibroblast model 
described above; the A431 human epidermoid carcinoma, 
which heavily overexpresses the EGF receptor; the MCF7 
human breast carcinoma, which is sensitive to EGF 
receptor inhibitors and known to express the EGF 
receptor and erbB-2 and erbB-3 ; the SK-OV-3 human 
ovarian carcinoma, which greatly overexpresses erbB-2: 
the AH-125 small cell lung cancer which overexpresses 
the EGF receptor; and the murine 16 /c mammary 
adenocarcinoma . 

Example 3 
EGFR Tumor 

IP dosing bid Days 3 through 7: 

0100 mg/kg produced 4 day growth delay. 
@30 mg/kg produced 2.5 day growth delay. 

IP dosing bid Days 1 through 13 : 
0300 mg/kg no activity. 

0190 and 120 mg/kg 1 day growth delay. 
075 mg/kg 5 day growth delay. 
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Exampi e 11 
MCF-7 Tumor 

IP dosing bid Days 1-5, 8-12, 15-19: 
@47 mg/kg 17.4 day growth delay. 
5 Q28 mg/kg 22.9 day growth delay. 

Murine 16 /c Mammary Adenocarcinoma 

Inactive at doses of up to 120 mg/kg bid, 

EGFR Tumor 

IP dosing bid for 14 days : 

@75 mg/kg produced 8.7 day growth delay. 
@4 7 mg/kg 6.6 day growth delay. 
@29 mg/kg 2.3 day growth delay. 
@18 mg/kg 1.8 day growth delay. 
@150 mg/kg toxic. 
@75 mg/kg toxic. 
IP dosing bid Days 3-7, 10-14, 17-21, 24-28; 
@75 mg/kg 19.9 day growth delay. 
@150 mg/kg toxic. 
IP dosing once daily Days 3-17: 

.@7 5 mg/kg 11.7 day growth delay. 
IP dosing once daily Days 3-7, 10-14, 17-21: 
@7 5 mg/kg 5.3 day growth delay. 
0150 mg/kg toxic. 

A431 Tumor 

IP dosing bid Days 7-11, 4-18, 21-25: 

(i28 mg/kg produced a 28,2 day growth delay. 
30 PO dosing once daily Days 7-21: 

@200 mg/kg produced a 3.5 day growth delay. 
@100 mg/kg a 2 day growth delay. 

SK-QV-3 Tumor 
35 ID dosing bid Days 10-14, 17-21, 24-28: 

@30 mg/kg produced 1.2 day growth delay. 



15 



20 
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E:>cainple 19 
EGFR Tumor 

IP dosing bid for 14 days: 

@124 mg/kg produced 11.8 day growth delay. 
5 @77 mg/kg 7,9 day growth delay. 

@4 8 mg/kg 6,4 day growth delay. 
@200 mg/kg toxic. 

SK~0V~3 Tumor 
10 ID dosing bid Days 10-14, 17-21, 24-28: 

@3 0 mg/kg produced 1.3 day growth delay, 

A4 31 Tumor 

SC-Infusion (Alzet) Days 9-23: 

®24 mg/kg/day produced a 14 day growth delay. 
@12 mg/kg/day produced a 15 day growth delay. 

EKample 21 
IP dosing bid: 
20 048 mg/kg toxic, 

EGFR Tumor 

IP dosing bid for 14 days: 

@12.5 mg/kg produced 16.8 day growth delay. 

2 5 @6.2 5 mg/kg 9.3 day growth delay. 

@25 mg/kg toxic. 

SC-Infusion (Alzet) : 

@200, 124, 77, and 48 mg/kg/day toxic. 

30 

AH- 12 5 Tumor 

SC-Infusion (Alzet) Days 19-33: 

©20.6 mg/kg/day produced a 10.0 day growth delay. 
lilO.4 mg/kg/day produced a 9.5 day growth delay. 

3 5 @5.5 mg/kg/day produced a 9.5 day growth delay. 
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A4 31 Tumor 

SC-Infusion (Alzet) Days 9-23, 42-56: 

04 8 mg/kg/day produced a 55 day growth delay. 
@24 mg/kg/day produced a 60 day growth delay. 
5 012 mg/kg/day produced a 51 day growth delay. 

Example 36 
EGFR Tumor 

IP dosing bid for 7 days: 

048 mg/kg produced 10.3 day growth delay. 
IP dosing bid for 14 days: 

025 mg/kg produced 8.7 day growth delay. 
012.5 mg/kg 3.5 growth delay. 
050 mg/kg toxic . 

SC-Infusion (Alzet) : 

0200, 124, 77 mg/kg/day toxic. 

Exampl e 40 
20 IP dosing bid: 

048 and 20 mg/kg toxic. 



10 



15 



EGFR Tumor 

Inefficacious 010 and 5 mg/kg bid for 14 days. 

25 

SC-Infusion (Alzet) : 

0200, 124, 77, and 48 mg/kg/day toxic. 
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CLAIMS 



What is claimed is 



1 . A compound having the Formula I 



10 



15 



20 



25 




wherein X is -D-E-F and Y is -SR^ , -OR^ , -NHR^ , or 
hydrogen, or X is -SR^ , -OR'^ , -NHR^ , or 
hydrogen, and Y is -D-E-F; 



R^ H 



D is -0-, -C-, -N -N O- , -C N- , 



1 

H 

R^ H 



H H 



H H H H H 



^_o-, .o.<^., .3.^., 

H 

or absent ; 



H 



H 



30 



O 0 o o 

II 0 i II 

E is -C-, -S-, -P-, or 
II I 2 
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F is -C= 



-C=C-R- 



or -C=C= 



V 



H 



H 



O O 
II II 

provided that when E is -S- or -S-, D is not 

II 

O 

f f 

or -OCj:; 

H H H 
R-^ is hydrogen, halogen, or C^-C^ alkyl; 
R^, R-^ , and R^ are independently hydrogen, ^^^"^6 
alkyl , - (CH2 ) n"N-piperidinyl , 

- {CH2 ) j^-N-piperazinyl , 

- {CH2 ) j^-N^^-piperazinyl [N4- (C^-Cg) alkyl] , 

- (CH2 ) j^-N-imidazoyl , - (CH2 ) j^-imidazoyl , 

- (CH2 ) j^-N-morpholino , 

- (CH2 ) j^-N- thiomorpholino , 

- (CH2 ) j^-N-hexahydroazepine or substituted 
C^-C^ alkyl, wherein the substituents are 

t 

selected from -OH, -NH2 ' -N-B, A and B are 

independently hydrogen, C^-C^ alkyl, 
- (CH2 ) nOH, - (CH2 ) n-M-piperidinyl , 

- (CH2 ) ^-N-piperazinyl, 

- (CH2 ) j^-N-L -piper azinyl [N4- (Ci-C5)alkyl] , 

- (CH2 ) n"i"^i<^S2oy^ - (CH2 ) rt-N-imidazoyl ; 

, , or 2^ are independently hydrogen, halogen, 
Ci'C^ alkyl, C3-CQ cycloalkyl, C^-C^ alkoxy, 
C3-CQ cycloalkoxy, nitro, ^i^^e 
perf luoroalkyl, hydroxy, C^^-Cg acyloxy, -NH2 , 
-miCC^L-Cg alkyl), -N{C^^-C^ alkyl)2. 
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-NH{C3-CQcycioalkyl) , -N(C3-Cg cycloalkyl ) 2 , 
hydroxymethyl, C^-C^ acyl, cyano, azido, 
C^-Cg thioalkyl, C-^-Cg sulf inylalkyl , C^-C^ 
sulfonylalkyl, C^-Cq thiocycloalkyl , C3-CQ 
sulfinylcycloalkyl, C^-Cq sulf onylcycloalkyl , 
mercapto, C^-Cg alkoxycarbonyl , C3-Cg 
cycloalkoxycarbonyl, C2-C4 alkenyl, C4-CQ 
cycloalkenyl, or C2-C4 alkynyl; and 
is hydrogen, halogen, C-i -Cg-per f luoroalkyl , 
1, l-difluoro(Ci~C5)alkyl, C^-Cgalkyl, 
- (CH2 ) n-N-piperidinyl, - (CH2 ) ^'Piperazinyl , 
- {CH2 )^-piperazinyl [N4 - ( -C5 ) alkyl ] , 
" ^ ^^2 ' n-^-Py^^oli^yl r - (CH2 ) n-pyridinyl , 
"^^^2 > n"^-^^idazoyl , - (CH2 ) ,^-N-morpholino , 

H 

-CH=CH- (Ci-C5)alkyl, 
~ ^^^2 ' n^^'^^^^^y^^o^zepine, 
-(CH2)nNH2,-(CH2)nNH(C^-C6 alkyl), 
- (CH2)nN(C;^-C6 alkyl)2, "l-oxo (C^ -C^ ) alkyl , 
carboxy , (Ci ) alkyloxycarbonyl , 
N- {C2-Cg)alkylcarbamoyl, phenyl or 
substituted phenyl, wherein the substituted 
phenyl can have from one to three 

substituents independently selected from , 

2 3 

Z , Z or a monocyclic heteroaryl group, and 
each C^^-Cg alkyl group can be substituted 
with -OH, -NH2 or -NAB, where A and B are as 
defined above, is hydrogen or C^-Cg alkyl; 
and 

n is 1 to 4, p is 0 or 1, and the pharmaceutically 
acceptable salts, esters, amides, and 
prodrugs ther eo f . 

2. A compound of Claim 1 wherein and Z^ are 
hydrogen, and Z^ is a halogen. 



95 



100 
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3. A compound of Claim 2 wherein is bromine. 

4 . A compound of Claim 3 wherein the bromine is 
located at the 3 or meta position of the phenyl 
ring . 

5 . A compound of Claim 1 wherein is hydrogen, Z 
is fluorine, and Z^ is chlorine, 

6. A compound of Claim 5 wherein the fluorine is 
located at the 4 position and the chlorine is 
located at the 3 position of the phenyl ring. 



10 



15 



20 



7 . A compound of Claim 1 wherein 

R^o CHR^ 

I It II , 

X is -N-C-C-R-*-, and Y is hydrogen, or 

R^o CHR^ 

I II y . 

X is hydrogen, and Y is -N-C-C-R-*" . 

8. A compound of Claim 1 wherein Y is -D-E-F and 
-D-E-F is 

r2 O R^ 

I II I I 

— N-C-C=CH 



r2 o 



I II I I 

— N~S-C=CH 



r2 O 

I II I I 
— N-P-C=CH 

I 2 
OR^ 



or 



9 . A compound of Claim 1 wherein X is -D-E-F and 
-D-E-F is 
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R^O R^ 
I II I I 
— N-C-C=CH 



10 



R^O R^ R^ 
I II I I 
-N-S-C = CH 
II 
O 



or 



15 



R^ O R^ R^ 



-N-P-C = CH 



OR^ 



10. A compound of Claim 8 wherein is hydrogen. 

11. A compound of Claim 9 wherein is hydrogen. 

12. A compound of Claim 8 wherein is -(CH2}^- 
morpholino . 

13. A compound of Claim 9 wherein R^ is -(CH2)j^- 
morpholino . 

14. A compound of Claim 8 wherein is carboxy, 
^^l"^6*^^^y^°^y^^^^oriyl or C^-C^ alkyl . 

15 . A compound of Claim 1 wherein Y is -D-E-F and X is 
-O ( CH2 ) n^iorpholino . 

16. A compound of Claim 1 wherein Y is -D-E-F and X is 
-O- (CH2 ) r^-N-L-piperazinyl [N4- (C^^-Cg ) alkyl] . 

17. A compound of Claim 1 wherein Y is -D-E-F and X is 
-O- (CH2 ) ^-imidazoyl . 
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18 . A compound having the Formula II 



r 



HN (CH)„ 

I P 
Q 




II 



10 



wherein Q is 



15 





20 





or N 



25 



30 



35 



X is -D-E-F and Y is -SR'^ , -OR'^ , -NHR-^ or 

hydrogen, or X is -SR^ , -OR^ , -NHR-^ or 
hydrogen, and Y is -D-E-F; 



^2 y 
D is -N-, -0-, -C-, -N ^N-, -N 0-, -C — 



rr- 



H 



H H 

r 

0-C-, -S-C-, 



<^_o., -^-<^-. -0-<f-. -s-^ 

H H 



H H H H H 

or absent; 
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O O O 0 

n II II II 

40 E is -C-. -S-, or -S-; 



45 



o or2 

ff , f f 

F is -C=<j:, -CsC-R^, or -C=C=Cj:; 

H H 

50 O O 

II II 

provided that when E is -S- or D is not 



11 

O 



55 ^2 



60 R 



1 



rji-(j:-, or -ocj:; 

H H H 
is hydrogen, halogen, or C^-Cg alkyl; 



, R"^ , and are independently hydrogen, C^^-Cg 
alkyl, - (CH2 ) 3^-N-piperidinyl, 

- (CH2 ) j-^-N-piperazinyl , 

" ^^^2 ) n~^l"PiP^^a2:inyl (N^- ( C^^ "^6 ^ ^^^y^ J ' 
^5 - (CH2 ) j^-N-pyrrolidyl , ~ {CH2 ) ^^-pyridinyl , 

- ( CH2 ) n-N" imidazoyl , - ( CH2 ) ^ - imidazoy 1 , 

- {CH2 ) ri-N-morpholino , 

- { CH2 ) n~^" thiomorpholino , 

- (CH2 ) n"N-hexahydroazepine or substituted 
'70 ^1~^6 ^l^yl' wherein the substituents are 

t 

selected from -OH, -NH2 , or -N-B, A and B are 
independently hydrogen, C^-C^ alkyl, 
7 5 - (CH2 ) j^OH, - (CH2 ) ^-N-piperidinyl , 

- (CH2 ) ^-N-piperazinyl , 

- ( CH2 ) n'^^i -piperazinyl [N4 - ( C^^ -C5 ) alkyl ] , 

- (CH2 ) n"irnidazoyl or - {CH2 ) n"^" i^^i^^cizoyl ; 
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80 , , and E*^ are independently halogen, C^^-C^ 

alkyl, C3-C3 cycloalkyl, C^^-Cg alkoxy, C3-C3 
cycloalkoxy, nitro, C^-C^ per f luoroalkyl , 
hydroxy, C^^-Cg acyloxy, -NH2 . -NH(C3^-Cg 
alkyl), -NCC^-Cg alkyl ) 3 , -NH(C3-C8 

85 cycloalkyl) , -N(C3-C3 cycloalkyl ) 2 , 

hydroxymethyl , C^^-Cg acyl, cyano, azido, 
C^-Cg thioalkyl, C^-Cg sulf inylalkyl , C;j^-Cg 
sulf onylalkyl , C3-C3 thiocycloalkyl , C3-C3 
sul f inylcycioalkyl , C3 -C3 sul f onylcycloalkyl , 

90 mercapto, ^i~Cg alkoxycarbonyl , C3-C3 

cycloalkoxycarbonyl , ^2'^^4 alkenyl, ^4-^3 
cycloalkenyl , or alkynyl; and 

is hydrogen, halogen, C^^ -Cg-per f luoroalkyl , 
1, l-difluoro(C3^-Cg) alkyl, C^^-Cg alkyl, 

95 - (CH2 ) j^-N-piperidinyl, - (CH2 ) ^^-piperazinyl , 

- (CH2 ) j^-piperazinyl [N4- {C^-Cg ) alkyl] , 

- (CH2 ) y^-N-pyrrolidyl , - (CH2 ) j^-pyridinyl , 

- (CH2 ) ^-N-imidazoyl , - (CH2 ) j^~N-morpholino, 

- (CH2 ) p-N-thiomorpholino, -C=CH2 / 
100 * I 

H 

-CH=CH- {C^ -Cg ) alkyl , 

- (CH2 ) j^-N-hexahydroazepine , 

-(CH2)n^2'"<^^2)n^^^l^^6 ^I^yD ^ 
105 - (CH2 ) nJ^f^l-^S alkyl)2, - 1 -0x0 ( -Cg ) alkyl , 

carboxy , (C^j^-Cg) alkyioxycarbonyl , 
N- (CQ^-Cg ) alkylcarbamoyl , phenyl or 
substituted phenyl, wherein the substituted 
phenyl can have from one to three 
110 substituents independently selected from , 

Z^, Z-^ or a monocyclic heteroaryl group, and 
each C^-C^ alkyl group can be substituted 
with -OH, -NH2 or -NAB, where A and B are as 
defined above, R^- is hydrogen or C^-Cg alkyl; 
115 and 



BNSDOCID: <WO_9738983Al_L> 



wo 97/38983 



PCT/US97/05778 



-160- 



n is 1 to 4, p is 0 or 1, and the pharmaceutically 
acceptable salts, esters, amides, and 
prodrugs thereof. 

19. A compound of Claim 18 wherein and are 
hydrogen, and E"^ is a halogen. 

20. A compound of Claim 19 wherein the halogen is 
bromine . 

21. A compound of Claim 20 wherein the bromine is 
located at the 3 or meta position of the phenyl 
ring . 

22 . A compound of Claim 18 wherein Q is 




23 . 



A compound of Claim 18 wherein Q is 




24 . 



A compound of Claim 18 wherein Q is 
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25. A compound of Claim 18 wherein Q is 




26. A compound of Claim 23 wherein X is 

I II I I 

— N-C-C=CH 



27 . A compound of Claim 24 wherein X is 



r2 0 R^ 



— N-C-C=CH 



28 . A compound of Claim 24 wherein X is 



R^ O R-^ R^ 
I II I I 
— N-S-C=CH 



29 , A compound of Claim 22 wherein X is 



r2 0 R^ 
I II I I 
— N-C-C = CH 

and Y is hydrogen. 
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30. A compound having the Formula III 



5 




III 



wherein Q is 




1-°- 1-^- TT- -°T- -'T' 

H H H H H H H 

or absent ; 
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55 



O O O 

II fl 

40 E is -C-, -S-, or - 



r: 



O OR^ 



4 5 F is -C=(j:, -CsC-r'^, or -C=C={j:; 

H H 



O O 

50 II 0 



provided that when E is -S- or -S-, D is not 

II 



O 



?2 



T 

-Ijl-C|:-, or -OCj:; 

H H H 
R-^ is hydrogen, halogen, or C^j^-C^ aikyl; 
60 R^ , R-^ , and R"^ are independently hydrogen, ^I'^e 

alkyl, - (CH2 ) j^-N-piperidinyl , 

- (CH2 ) j^-N-piperazinyl , 

- {CH2 ) n-N^ -piperazinyl [N4- (C^^ -C5 ) alkyl] , 

- {CH2 ) j^-N-pyrrolidyl , - (CH2 ) j^-pyridinyl , 
65 - {CH2 ) j^-N-imidazoyl , - (CH2 ) p^-imidazoyl , 

- (CH2 ) j^-N-morpholino, 

- ( CH2 ) n"^" thiomorpholino , 

- ( CH2 ) j^-N-hexahydroazepine or substituted 
C^^-Cg alkyl, wherein the substituents are 

70 selected from 

t 

-OH, -KH2 / or -N~B, A and B are independently 
hydrogen, C-^-C^ alkyl, -(CH2)nOH, 
75 - (CH2 ) ^~N-piperidinyl , - {CH2 ) j^-N-piperazinyl , 

- (CH2 ) j^-N^^-piperazinyl [N^ - (C^ alkyl ] , 

- (CH2 ) y^-N-pyrroIidyl , - ( CH2 ) ^-N-pyr idyl , 

- {CH2 >n-imidazoyl, or - (CH2 ) j^-N-imidazoyl ; 
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E^, E^, and 



are independently halogen, C^-Cg 
alkyl. C3-C8 cycloalkyl, Cj^-Cg alkoxy, C3-C8 
cycloalkoxy, nitro, C^-Cg perf luoroalkyl , 
hydroxy, Cj^-Cg acyloxy, -NH2 , -NH(C, -Cg 
alkyl), -N(Ci-Cg alkyl)2, -NH(C3-C8' 
cycloalkyl), -N(C3-C8 cycloalkyl ) 2 , 
hydroxymethyl. C^-Cg acyl, cyano, azido, 
Ci-Cg thioalkyl, C^-Cg sulf inylalkyl , C^-Cg 
sulfonylalkyl, C3-C8 thiocycloalkyl , C^-Cq 
sulfinylcycloalkyl, C3-C8 sulf onylcycloalkyl , 
mercapto, C^-Cg alkoxycarbonyl , C3-Cg 
cycloalkoxycarbonyl, C2-C4 alkenyl, C4-C8 
cycloalkenyl, or C2-C4 alkynyl; 
is hydrogen, halogen, -Cg-perf luoroalkyl , 
l,l-difluoro{Ci-Cg) alkyl, C^-Cgalkyl, 
- <CH2)n-N-piperidinyl. - (CH2 ) ^-piperazinyl , 
- <CH2)n-piperazinyl[N4-(Ci-Cg) alkyl] , 

- <^"2 > n-N-Py^^^olidyl . - (CH2 ) n-pyr idinyl , 
■ {CH2)n-N-imidazoyl, - {CH2 ) n-N-morpholino , 

- (CH2 ) n"N-thiomorpholino, -<|:=CH2 , 

H 

-CH=CH- (Cj^-Cg) alkyl, 
- (CH2 ) n~N-hexahydroazepine, 
-(CH2)nNH2, -(CH2)nNH(Ci-Cg alkyl), 
-{CH2)nN(Ci-Cg alkyl) 2 , -1-oxo ( Ci -Cg ) alkyl , 
carboxy, ( -Cg ) alkyloxycarbonyl , 
N- (C2-Cg)alkylcarbamoyl, phenyl or 
substituted phenyl, wherein the substituted 
phenyl can have from one to three 
substituents independently selected from Z^, 
Z^, or a monocyclic heteroaryl group, and 
each C^-Cg alkyl group can be substituted 
with -OH, -NH2 or -NAB, where A and B are as 
defined above, is hydrogen or C^-Cg alkyl; 
and 
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115 



n is 1 to 4, p is 0 or 1, and the pharmaceutical ly 
acceptable salts, esters, amides, and 
prodrugs thereof . 



31. A compound of Claim 30 wherein Q is 




32. A compound of Claim 30 wherein Q is 




33. A compound of Claim 31 wherein X is 



r2 o r1 r5 
I II I I 
■N-C-C = CH 



34. A compound of Claim 30 wherein and are 
hydrogen and E-^ is bromine. 

35. A compound of Claim 32 wherein X is 

r2 o R^ 
I II I I 
— N-C-C = CH 

36. A phcirmaceutically acceptable composition that 
comprises a compound of Claim 1. 
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37. A pharmaceutically acceptable composition that 
comprises a compound of Claim 18. 

38. A pharmaceutically acceptable composition that 
comprises a compound of Claim 30. 

39. A method of treating cancer, the method comprising 
administering to a patient having cancer a 
therapeutically effective amount of a compound of 
Claim 1 . 

40. A method of treating or preventing restenosis, the 
method comprising administering to a patient 
having restenosis or at risk of having restenosis 
a therapeutically effective amount of a compound 
of Claim 1. 

41. A method of treating cancer, the method comprising 
administering to a patient having cancer a 
therapeutically effective amount of a compound of 
Claim 18 . 



A method of treating or preventing restenosis, the 
method comprising administering to a patient 
having restenosis or at risk of having restenosis 
a therapeutically effective amount of a compound 
of Claim 18 . 



43. A method of treating cancer, the method coit^rising 
administering to a patient having cancer a 
therapeutically effective amount of a compound of 
Claim 3 0 . 



A method of treating or preventing restenosis, the 
method comprising administering to a patient 
having restenosis or at risk of having restenosis. 
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a therapeutically effective amount of a compound 
5 of Claim 30 . 

45. A method of irreversibly inhibiting tyrosine 
kinases, the method comprising administering to a 
patient a tyrosine kinase inhibition a tyrosine 
kinase inhibiting amount of a compound of Claim 1. 

46. A method of irreversibly inhibiting tyrosine 
kinases, the method comprising administering to a 
patient in need of tyrosine kinase inhibition a 
amount of tyrosine kinase inhibiting amount of a 

5 compound of Claim 18 . 

47. A method of irreversibly inhibiting tyrosine 
kinases, the method comprising administering to a 
patient in need of tyrosine kinase inhibition a 
tyrosine kinase inhibiting amount of a compound of 

5 Claim 30 . 

48 . The compounds : 

N- [4- ( 3-Bromo-phenylamino) -quinazolin-7 - 
y 1 ] acrylamide ; 

3- [4- (3-Bromo-phenylamino) -quinazolin-7 ~yl- 
5 carbamoyl ] -acrylic acid; 

3- [4- (3-Bromo-phenylamino ) -quinazolin-7 -yl- 
carbamoyl ] -acrylic acid ethyl ester; 

But-2-enoic acid [4- ( 3-bromo-phenylamino ) - 
quinazolin-7 -yl] -amide; 
10 N- [4- [ (3-Bromophenyl) amino] quinazolin-6-yl ] 

acrvlaJ^icle ; 

N- [4- (3 -Methyl -phenyl amino) -quina2olin-7-yl] 
acrylamide; 

N- [ 4- ( 3-Chloro-phenylamino) -quina2olin-7 -yl ] 
15 acrylamide; 
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N- [4- (3-Bromo-phenylamino) -quina2olin-7-yl ] 
me thacryl amide ; 

N- [4- (3-Bromo-phenylamino) -quinazolin-? - 
yl ] ethenylsulf onamide ; 

N- [4- [ (3-Chlorophenyl) aminojquinazolin-e- 
yl] acrylamide; 

N- [4- [ (3-Methylphenyl)amino]quinazolin-6' 
y 1 ] acrylamide ; 

N- [4- t (3- (Trif luorome thy 1) phenyl) amino] - 
quinazolin-6-yl] acrylamide; 

N- [4- [ (3-Bromophenyl)amino]c3uinazolin-6- 
y 1 ] methacrylamide / 

N- [4- {3-Bromo-phenylamino) -quinazolin-? - 
yl ] ethenylsul f onamide ; 

N- [4- [ ( 3-Bromophenyl ) amino ] quinazolin-6-yl ] - 
E-but-2 -enamide ; 

N- [4- [ (3-Bromophenyl) amino] quina2olin-6-yl] - 
4,4, 4-trif luoro-E-but-2-enamide; 

N- [4- [ (3-Bromophenyl) amino] quinazolin-6- 
y 1 ] propynamide ; 

N- [4-[ (3-Bromophenyl ) amino] quinazolin-e- 
yl]but-2-ynamide ; 

N- [4- (3-Bromo-phenylamino) -pyrido [4 , 3-d] - * 
pyrimidin~7-yl] -acrylamide; 

N- [4- {3-Bromo-phenylamino) -pyrido [3 , 4-d] - 
pyrimidin-6-yl] -acrylamide; 

N- [4- (3-Methyl-phenylamino) -pyrido [3 , 4-d] ~ 
pyrimidin-6-yl] -acrylamide; 

N- [4 - {3-Bromo-phenylamino) -pyrido [3 , 4-d] - 
pyr imidin- 6 -y 1 ] -N-me thy lacry lamide ; 

N- [4 - (3-Bromo-phenylamino) -pyrido [3 , 4-d] - 
pyrimidin-6-yl] -methacrylamide; 

N- [4- (3*Bromo-phenylamino) -pyrido [3 , 4-d] - 
pyrimidin-6-yl] -ethenylsulf onamide ; 



N- [4- (3 -Bromo-phenylamino) -benzo[b] 
thieno[3 , 2-d] pyrimidin-8-yl] acrylamide; 

N- [4- (3-Bromo-phenylamino) -benzo [b] thieno 
[3 , 2-d] pyrimidin-e-yl] acrylamide; 

N-[4- (3-Bromo-phenylamino) -benzo [b] thieno 
[3 , 2-d] pyrimidin-7-yl] acrylamide; 

N- [4 - [ (3 -Bromophenyl) amino] quinazolin-6- 
yl] buta-2 , 3 -dienamide ; 

N- [4 - [ { 3 -Bromophenyl) amino] quinazolin-G-yl] - 
E, 4-oxopent-2-enamide; 

N- (4 - ( ( 3 -Bromophenyl) amino] quinazolin- 6 -yl ] - 
E , 4 -ethoxy - 4 -oxobuc - 2 -enamide ; 

N- [4 - ( 3 -Bromo-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin- 6 -yl] pent a- 2 , 4 -dienamide ; 

N- [4- (3-Bromo-phenylamino) -pyrido [3, 4-d] 
pyrimidin - 6 -yl] E-but-2-enamide ; 

N- [4 - (3-Bromo-phenylamino) -pyrido [3 , 4-d] 
pyrimidin- 6 -yl] cinnamide ; 

N- [4 - (3-Bromo-phenylamino) -pyrido [3,4 -d] 
pyrimidin- 6 -yl] -E , 3 -chloroacrylamide ; 

N- [4 ' (3-Bromo-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin- 6-yl] -propynamide ; 

3- [4- (3-Bromo-phenylamino) -quinazolin-S - 
ylcarbamoyl] -acrylic acid (Z) ; and 

4- [ ( 3 -Bromo- phenyl) amino] -6- (ethenesulf onyl ) 
pyrido [3,4 -d] pyrimidine . 

A method of treating psoriasis, the method 
comprising administering to a patient having 
psoriasis a therapeutically effective amount of a 
compound of Claim 1 . 

A method of treating psoriasis, the method 
comprising administering to a patient having 
psoriasis a therapeutically effective amount of a 
compound of Claim 18. 
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51. A method of treating psoriasis, the method 
comprising administering to a patient having 
psoriasis a therapeutically effective amount of a 
compound of Claim 30. 

52. A method of treating atherosclerosis, the method 
comprising administering to a patient having 
atherosclerosis a therapeutically effective amount 
of a compound of Claim 1. 

53. A method of treating atherosclerosis, the method 
comprising administering to a patient having 
atherosclerosis a therapeutically effective amount 
of a compound of Claim 18, 

54. A method of treating atherosclerosis, the method 
comprising administering to a patient having 
atherosclerosis a therapeutically effective amount 
of a compound of Claim 30. 

55. A method of treating endometriosis, the method 
comprising administering to a patient having 
endometriosis a therapeutically effective amount 
of a compound of Claim 1 . 

56. A method of treating endometriosis, the method 
comprising administering to a patient having 
endometriosis a therapeutically effective amount 
of a compound of Claim 18. 

57. A method of treating endometriosis, the method 
comprising administering to a patient having 
endometriosis a therapeutically effective amount 
of a compound of Claim 30. 
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58 . The compounds : 

1- [4- O-Bromo-phenylamino) -quinazolin-6 -yl] - 
pyrrole-2 , 5-dione ; 

1- [4- (3-Brotno-phenylamino) -quina2olin-6-yl] - 
5 prop- 2 -en- 1 -one ; 

Acrylic acid 4 - ( 3 -bromo-phenylamino) - 
quinazolin-6 -yl ester; 

Methyl N- [4 - [ O-bromophenyl) amino] -P-ethenyl- 
pyrido [3 , 4 -d] pyrimidin- 6-yl] phosphonamidate ; 
10 Acrylic acid 4 -( 3 -bromo-phenylamino) - 

quinazolin- 7 -yl escer ; 

1- [4- ( 3 -Bromo-phenylamino) -quinazolin- 6 -yl] - 
but -3 -en- 2 -one ; 

Acrylic acid 4- {3-chloro-4-f luoro- 
15 phenylamino) -7-methoxy-quinazolin-6 -yl ester; 

Penta- 2 , 3 -dienoic acid [4 - (3 -bromo- 
phenylamino) -quinazolin-6 -yl] -amide; 

Propa-1 , 2-diene-l-sulfonic acid [4-(3-bromo- 
phenylamino) -quinazolin-6-yl] -amide; 
20 Methyl N- [4- [ ( 3 -bromophenyl ) amino] -6- 

quinazolinyl] -P- (1,2 -propadienyl ) phosphonamidate ; 

N- [1- (3 -Bromo-phenylamino) -9H-2^4,9-triaza- 
f luoren-7-yl] -acrylamide; 

N- [4- (3 -Bromo-phenylamino) -9H-l,3,9-triaza- 
25 f luoren-6-yl] -acrylamide; 

N- [4- (3-Chloro-4-f luoro-phenylamino) - 
quinazolin-e-yl] -acrylamide; 

N- (4-Phenylmethylamino-quinazolin-6 -yl) - 
acrylamide ; 

30 (S) -N- [4- (1 -Phenyl -ethylamino) -quinazolin-6- 

yl] -acrylamide; 

(R) -N- [4 - (1 -Phenyl -ethylamino) -quinazolin- 6- 
yl] -acrylamide; 

N- [4- ( 3 -Chloro-4 - f luoro-phenylamino) - 
35 pyrido [3 , 4 -d] pyrimidin- 6-yl] -acrylamide; 
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N- [4~ {3-Chloro-4 -f luoro-phenylamino) - 
pyrido [3 , 4-d] pyrimidin-6 -yl] -N-me thyl -acrylamide ; 

(3-Chloro-4-f luoro-phenyl) - ( 6 - e thenesulf inyl - 
pyrido [3 , 4-d] pyrimidin-4-yl] -amine; and 

(3 -Bromo-phenyl) - ( 6 -ethenesulf inyl - 
pyrido [3 , 4 -d] pyrimidin~4 -yl) -amine . 

59. A compound of Claim 18 wherein is hydrogen, 
is fluorine, and E"^ is chlorine. 

60. A compound of Claim 59 wherein the fluorine is 
located at the 4 position and the chlorine is 
located at the 3 position of the phenyl ring. 

61. A compound of Claim 30 wherein is hydrogen, 

2 

E IS fluorine, and E3 is chlorine. 

62. A compound of Claim 61 wherein the fluorine is 
located at the 4 position and the chlorine is 
located at the 3 position of the phenyl ring. 

6 3 . The compounds : 

N- [4 ~ (3 -Bromo-phenylamino) -pyrido [4 , 3 -d] - 
pyrimidin-7-yl] -N- ( 3 -morpholin- 4 - yl -propyl ) - 
acrylamide ; 

N- [4 - (3 -Bromo-phenylamino) -pyrido [3 , 4 -d] - 
pyrimidin-6-yl] -N- ( 3 -morpholin- 4 -yl -propyl ) - 
acrylamide; 

N- [4- [ (3 -Bromophenyl) amino] quinazolin-7- 
yl) -N- [3-morpholinopropyl] acrylamide; 

N- [4- (3-Bromo-phenylamino) -6- (3 -morpholin-4 - 
yl -propylamine) -quinazolin-7-yl] -acrylamide; 

N- [4- [ (3 -Bromophenyl) amino] -7 - [3- (4- 
morpholino) propoxy] quinazolin-6-yl] acrylamide; 

N- [4- [ (3-Methylphenyl) amino] -7- [3- (4- 
morpholino) propoxy] quinazolin-6 -yl] acrylamide; 
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N- [4- [ (3 -Methylphenyl) amino] -7- [3- (4,N- 
methyl-1 , N-piperazino) propoxy] quinazolin-6- 
yl 1 acrylamide ; 

N- [4- [ (3 -Bromophenyl) amino] -7- [3- (4,N-methyl- 
1 , N-piperazino) propoxy] quina2olin-6 -yl] acrylatnide ; 

N- [4- [ {3 -Bromophenyl) amino] -7- [3- (1,N- 
imidazyl ) propoxy] quinazolin- 6 -yl] acrylamide ; 

N- [4 - [ (3 -Bromophenyl ) amino] -7- [4- (N,N- 
dime thy 1 -amino) butoxy] quinazolin- 6 -yl j acrylamide ; 

N- (4 - [ (3 -Bromophenyl) amino] quinazol in - 6 -yl ] - 
N- [3 -morpholinopropyl] acrylamide ; 

N- [4- ( 3 -Bromo-phenylamino) -pyrido [ 3 , 4 -d] 
pyrimidin-6 -yl] -N- (2- (N, N-dimethylamino) ethyl) 
acrylamide ; 

N- [4 - [ (3 -Bromophenyl ) amino] quinazolin- 6 -yl] - 
E, 4 - { 3 - (N , N-dimethylamino) propoxy- 4 -oxobut - 2 - 
enamide tris trif luoroacetate ; and 

N- [4- [ ( 3 -Bromophenyl ) amino] quinazolin- 6 -yl ] - 
E, 4 - { 3 - (N, N-dimethylamino) propylamino-4 -oxobut - 2 - 
enamide . 

The compounds : 

N- [4- ( 3 -Bromo-phenylamino) -7- ( 3 -morpholin- 4 - 
yl-propoxy) -pyrido [3 , 2 -d] pyrimidin- 6 -yl] -acryl 
amide ; 

But-2-enedioic acid [4- (3 -chloro-4 - f luoro- 
phenylamino) -quinazolin- 6 -yl] -amide 
{3 -dimethylamino- propyl ) -amide ; 

But - 2 -enedioic acid [4- ( 3 - chloro-4 - fluoro- 
phenylamino) -pyrido [3,4 -d] pyrimidin-6 -yl] -amide 
{3-dimethylamino-propyl) -amide ; 

But-2 -enedioic acid [4- (3 -chloro-4 -f luoro- 
phenylamino) -pyrido [3 , 4 -d] pyrimidin-6 -yl] -amide 
( 3 - imidazol- 1 -yl -propyl ) -amide ; 
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4 , 4 -Dif luoro- 8 -morpholin-4 -yl -Oct -2 - 
enoic acid [4- ( 3 -chloro - 4 - f luoro -phenylamino) - 
pyrido [3 , 4 -d] pyrimidin- 6 -yl ] -amide ; 

8-Dimethylamino-4 , 4 -dif luoro-occ - 2 -enoic acid 
[4- (3-chloro-4-f luoro-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6-yl] -amide; 

7-Dimethylamino-4 , 4 -dif luoro-hept-2- 
enoic acid [4 - ( 3 - chloro-4 - f luoro-phenylamino) - 
pyrido [3 , 4 -d] pyrimidin- 6 -yl] -amide; 

4 , 4-Dif luoro-7-morpholin-4 -yl-hept-2- 
enoic acid [4 - (3 -chloro-4 - f luoro-phenylamino) - 
pyrido [3 , 4-d] pyrimidin- 6 -yl] -amide ; 

6 -Dimethylamino-hex- 2 -ynoic acid [4- (3- 
chloro-4 - f iuoro-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6 -yl] -amide; 

6- Morpholin-4 -yl-hex-2-ynoic acid [4- (3- 
chloro-4 -f luoro-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6 -yl] -amide; 

7- Dimethylamino-hept:-2-ynoic acid [4- (3- 
cliloro-4 - f luoro-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6-yl] -amide; 

7-Morpholin-4 -yl-hept-2-ynoic acid [4- (3- 
chloro-4 - f luoro-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6 -yl] -amide; 

5-Dimethylamino-pent-2-ynoic acid [4- (3- 
chloro-4 -f luoro-phenylamino) -pyrido [3,4 -d] 
pyrimidin-6 -yl] -amide; 

5-iyiorpholin-4-yl-pent-2-ynoic acid [4-(3- 
chloro-4-f luoro-phenylamino) -pyrido [3 ,4-d] 
pyrimidin-6 -yl] -amide; 

5-Imidazol-l-yl-pent-2-ynoic acid [4- (3- 
chloro-4 - f luoro-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6 -yl] -amide; 

5- {4-Methyl-pipera2in-l-yl-pent-2-ynoic acid 
[4- (3-chloro-4-f luoro-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6-yl] -amide; 
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4- [4- {3-Chloro-4-f luoro-phenylamino) - 
pyrido [3 , 4 -d] pyrimidin-6 -ylcarbamoyl] -but -3 -enoic 
acid 2- (4-methyl-pipera2in-l-yl) -ethyl ester; 

4- (4- (3-Chloro-4-f luoro-phenylamino) - 
pyrido [3 , 4 -d] pyrimidin- 6 -ylcarbamoyl] -but -3 -enoic 
acid 2- (imidazol-l-yl) -ethyl ester; 

Pent-2-enedioic acid 1- { [4- (3-chloro-4 - 
f luoro-phenylamino) -pyrido [3 , 4 -d] pyrimidin-6 -yl] - 
amide} 5- [ ( 3 -morpholin-4 -yl -propyl ) -amide] ; 

Pent - 2 -enedioic acid 1 - { (4 - (3 -chloro- 4 - 
f luoro- phenyl ami no) -pyrido [3 , 4 -d] pyrimidin-6 -yl] - 
amide} 5- [ ( 3 -diechylamino-propyl ) -amide] ; 

4- [4- (3-Chloro-4-f luoro-phenylamino) - 
pyrido [3 , 4 -dj pyrimidin-6 -ylcarbamoyl] -but - 3 -enoic 
acid 2-morpholin-4 -yl-ethyl ester; 

Penc-2 -enedioic acid 1 - { [4 - (3 -chloro-4 - 
f luoro-phenylamino) -pyrido [3 , 4 -d] pyrimidin-6-yl] - 
amide} 5- { [ 3 -4 -methy 1 -piperazin- 1 -yl ) -propyl] - 
amide } ; 

(3-Chloro-4-f luoro-phenyl) - {6- [2 - (3- 
dimethylamino-propoxy) -ethenesul f onyl ] -pyrido 
[3 , 4 -d] pyrimidin-4 -yl } -amine ; 

(3 -Chloro-4 -f luoro-phenyl) - (6- { 2 - [4 - 
(4-methyl-piperazin-l-yl) -butylamino] - 
ethenesulf onyl} -pyrido [3 , 4 -d] pyrimidin-4 -yl) - 
amine ; 

3- [4- (1 -Phenyl -ethylamino) -quinazolin-6 - 
ylcarbamoyl] -acrylic acid 2-morpholin-4 -yl-ethyl 
ester; 

But - 2 -enedioic acid (4 -imidazol-l-yl-butyl) - 
amide [4- (1-phenyl-ethylamino) -quinazolin-6 -yl] - 
amide ; 

4- [4- ( 1 -Phenyl-ethylamino) -quinazoiin- 6 - 
ylcarbamoyl] -but-3-enoic acid 3 -diethylamino- 
propyl ester; 



Pent:-2-enedioic acid 5 - { [2 - (4 -methyl - 
piperazin-l-yl) -ethyl] -amide} 1- { [4- (1-phenyl- 
thylamino) -quinazolin- 6 -yl] -amide} ; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2-enoic 
acid [4- (1 -phenyl -ethylamino) -quina2olin-6-yl] - 
amide ; 

7-Dimethylamino-4 , 4-dif luoro-hept-2-enoic 
acid [4- (1 -phenyl -ethylamino) -quina2olin-6 -yl] - 
amide ; 

7- Imida2ol-l-yl-hept-2-ynoic acid [4-(i- 
phenyl-ethylamino) -quinazolin-6 -yl] -amide; 

6-Dimethylamino-hex-2-ynoic acid [4>(i- 
phenyl -ethylamino) -quinazolin-6 -yl] -amide; 

But-2-enedioic acid [4- ( 3 -bromo-phenylamino) 
pyrido [3 , 4-d] pyrimidin- 6 -yl ] -amide 
(3 -dime thy lamino -propyl ) -amide ; 

But-2-enedioic acid [4 - (3 -bromo-phenylamino) 
pyrido [3 , 4-d] pyrimidin-6-yl] -amide (3- imidazol- 
1-yl -propyl) -amide; 

4 , 4-Dif luoro-8-morpholin-4 -yl-oct-2- 
enoic acid [4- ( 3 -bromo-phenylamino) -pyrido [3 , 4 -d] 
pyrimidin-6-ylJ -amide; 

8- Dimethylamino-4 , 4 -dif luoro-oct - 2 -enoic aci 
[4- (3 -bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 6 
yl] -amide; 

7-Dimethylamino-4, 4-dif luoro-hept-2-enoic 
acid [4- (3 -bromo-phenylamino) -pyrido [3 , 4-d] 
pyrimidin- 6 -yl] -amide; 

4 , 4-Dif luoro-7-morpholin-4-yl-hept-2 -enoic 
acid [4- (3 -bromo-phenylamino) -pyrido [3 , 4-d] 
pyrimidin-6-yl] -amide; 

6-Dimethylamino-hex-2-ynoic acid [4-(3-bromo 
phenylamino) -pyrido [3 , 4-d] pyrimidin- 6 -yl ] -amide; 

6-Morpholin-4 -yl-hex-2-ynoic acid [4-(3- 
bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 6 -yl] - 
amide ; 



'4 
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7-Dimethylamino-hept:-2-ynoic acid [4- (3- 
bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin-6 -yl] - 
amide ; 

7-iy!orpholin-4 -yl-hept-2-ynoic acid [4-(3- 
125 bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin- 6 -yl] - 

amide ; 

5-Dimet:hylamino-pent-2-ynoic acid [4- (3- 
bromo-phenylanino) -pyrido [3 , 4 -d] pyrimidin-6 -yl] - 
amide ; 

130 5-Morpholin-4 -yl -pent-2-ynoic acid [4-(3- 

bromo-phenylamino) -pyrido (3 , 4 -d] pyrimidin-6 -yl] - 
amide ; 

5- Imidazol - 1 -yl -penC-2-ynoic acid [4- (3- 
bromo-phenylamino) -pyrido (3 , 4 -d] pyrimidin-6 -yl] - 
13 5 amide; 

5- (4-Methyl-piperazin-l-yl) -pent - 2 -ynoic acid 
(4 - (3 -bromo-phenylamino) -pyrido [3 , 4 -d] pyrimidin-6 - 
yl] -amide; 

4 - [4- (3-Bromo-phenylamino) -pyrido [3 , 4-d] 
140 pyrimidin-6 -ylcarbamoyl] -but-3-enoic acid 

2- (4 -methyl-piperazin-l-yl ) -ethyl ester; 

4 - [4- (3 -Bromo-phenylaminp) -pyrido [3 , 4-d] 
pyrimidin-6-ylcarbamoyl] -but-3-enoic acid 
2 - imidazol - 1 -y 1 - ethyl ester ; 
145 Pent-2-enedioic acid l -{ [4 -( 3 -bromo- 

phenylamino) -pyrido [3 , 4-d] pyrimidin-6-yl] -amide} 
5- [ { 3 -morpholin-4-yl-propyl ) -amide] ; 

Pent-2-enedioic acid 1 -{ [4 -{ 3 -bromo- 
phenylamino) -pyrido [3 , 4-d] pyrimidin-6 -yl] -amide } 
150 5- [ ( 3 -diethylamino-propyl ) -amide] ; 

4- [4- (3 -Bromo-phenylamino) -pyrido (3 , 4-d] 
pyrimidin-6-ylcarbamoyl] -but-3-enoic acid 
2 -morpholin-4 -yl -ethyl ester ; 

Pent-2-enedioic acid l-{ [4- (3-bromo- 
155 phenylamino) -pyrido [3 , 4 -d ] pyrimidin- 6 -yl ] -amide} 

5- { [3 - (4 -methyl-piperazin-l-yl) -propyl] -amide} ; 
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(3-Bromo-phenyl) - (6- [2- ( 3-dimethylamino- 
propoxy) -ethenesulf onyl] -pyrido [3 , 4 -d] pyrimidin- 
4 -yl } -amine ; 

(3-Bromo-phenyl) - {6- {2- [4- (4 -methyl- 
piperazin-l-yl) -butylamino] -ethenesulf onyl } - 
pyrido [3, 4-d] pyrimidin-4 -yl) -amine; 

( 3 -Bromo -phenyl) - [6- (5-morpholin-4-yl-pent- 
1-ene-l-sulfonyl) -pyrido [3 , 4-d] pyrimidin-4 -yl] - 
amine ; 

But-2-enedioic acid [4 - (3-chloro-4-f luoro- 
phenylamino) -quinazolin-6 -yl] -amide 
( 3 -dimethyl amino -propyl ) -amide ; 

But-2 -enedioic acid [4- {3-chloro-4 -f luoro- 
phenylamino) -quinazolin-e -yl] -amide (3-imidazol- 
1-yl -propyl) -amide; 

4 , 4 -Dif luoro-8 -morpholin-4 -yl -oct -2 -enoic 
acid [4- {3 -chloro-4 -f luoro-phenylamino) - 
quina2olin-6 -yl] -amide; 

8 -Dimethylamino-4 , 4 -dif luoro-oct -2 -enoic acid 
[4- {3-chloro-4-f luoro-phenylamino) -quinazolin-6- 
yl] -amide ; 

7 -Dimethylamino-4 , 4 - dif luoro- hept - 2 -enoic 
acid [4 - { 3 -chloro-4 - f luoro-phenylamino) - 
quinazolin-6-yl] -amide; 

4 , 4 -Dif luoro- 7 -morpholin-4 -yl - hept -2 -enoic 
acid [4- (3 -chloro-4-f luoro-phenylamino) - 
quinazolin-6-yl] -amide; 

6-Dimethylamino-hex-2-ynoic acid [4- (3- 
chloro-4 - f luoro-phenylamino) -quinazolin- 6 -yl] - 
amide ; 

6- Morpholin-4-yl-hex-2-ynoic acid [4-(3- 
chloro-4-f luoro-phenylamino) -quinazolin-e-yl] - 
amide ; 

7- Dimethylamino-hept-2-ynoic acid [4- (3- 
chloro-4-f luoro-phenylamino) -quinazolin- 6 -yl ) - 
amide; 
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7-Morpholin-4 -yl-hept-2-ynoic acid [4-{3- 
chloro-4- f luoro-phenylamino) -quinazolin-6 -yl] - 
amide ; 

5-Dimethylamino-pent-2-ynoic acid [4-(3- 
chloro-4 - f luoro-phenylamino) -quinazolin- 6 -yl) - 
amide ; 

5-Morpholin-4-yl-pent-2-ynoic acid [4- (3- 
chloro-4 - f luoro-phenylamino) -quinazolin-6-yl] - 
amide ; 

5- Imidazol-l-yl-pent-2-ynoic acid [4- (3- 
chloro-4 -f luoro-phenylamino) -quinazolin-6 -yl] - 
amide ; 

5- (4 -Methyl -piperazin- 1 -yl) -penc - 2 -ynoic acid 
[4- (3 -chloro-4-f luoro-phenylamino) -quinazolin- 
6 -yl] -amide ; 

Pent-2-enedioic acid 1- { f4- (3-chloro- 

4 - f luoro-phenylamino) -quinazolin-6 -yl] -amide} 

5- [ ( 3 -morpholin-4-yl -propyl) -amide] ; 

Pent-2-enedioic acid 1- { [4 - (3 -chloro- 
4 - f luoro-phenylamino) -quinazolin-6 -yl] -amide} 
5- [ { 3 -diethylamino-propyl ) -amide] ; 

4- [4- (3 -Chioro-4 - f luoro-phenylamino) - 
quinazolin-6 -ylcarbamoyl] -but-3-enoic acid 
2 -morpholin-4 -yl -ethyl ester; 

Pent-2-enedioic acid 1- ( [4- {3-chloro- 
4 - f luoro-phenylamino) -quinazolin-6 -yl] -amide} 
5- { [3- (4-methyl-piperazin-l-yl) -propyl] -amide} ; 

(3-Chloro-4-f luoro-phenyl) - {6- [2- (3- 
dimethylamino-propoxy) -ethenesulf onyl] -quinazolin- 
4-yl}-amine; 

{ 3 -Chloro-4-f luoro-phenyl) - (6-{2 - [4- (4- 
methyl-piperazin-l-yl) -butylamino] - 
ethenesulf onyl } -quinazolin-4 -yl ) -amine; 

But-2 -enedioic acid (4- (3 -bromo-phenylamino) - 
quinazolin- 6 -yl] -amide (3-dimethylamino-propyl) - 
amide ; 
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But-2 -enedioic acid [4- (3 -bromo-phenylamino) - 
quinazolin-6-yl] -amide ( 3 - imidazol - 1 -yl -propyl ) - 
amide ; 

4 , 4 -Dif luoro-8 -morpholin-4 -yl-oct-2 -enoic 
acid [4- (3-bromo-phenylamino) -quinazolin-6-yl] - 
amide; 

8-Diraethylamino-4 , 4 -dif luoro-oct -2 -enoic acid 
[4- (3-bromo-phenylamino) -quinazolin-6 -yl] -amide; 

7 -Dimethyl amino -4 , 4 - dif luoro-hept:-2-enoic 
acid (4- (3-bromo-phenylamino) -quinazolin-6-yl] - 
amide ; 

4 , 4 -Dif luoro- 7 -morpholin~4 -yl -hept - 2 -enoic 
acid [4- (3-bromo-phenylamino) -quinazolin- 6 -yl ] - 
amide ; 

6-Dimethylamino-hex-2-ynoic acid [4- (3-bromo- 
phenylamino) -quinazolin-6 -yl] -amide; 

6- Morpholin-4-yl-hex-2-ynoic acid [4- (3- 
bromo-phenylamino) -quinazolin- 6 -yl] -amide; 

7- Dimethylamino-hept-2-ynoic acid [4-(3- 
bromo-phenylamino) -quinazolin-6 -yl] -amide; 

7 -Morpholin-4 -yl -hept -2-ynoic acid [4- (3- 
bromo-phenylamino) -quinazolin- 6 -yl] -amide; 

5 -Dimethylamino-pent - 2 -ynoic acid [4- (3- 
bromo-phenylamino) -quinazolin- 6 -yl ] -amide; 

5-Morpholin-4 -yl -pent-2-ynoic acid [4-(3- 
bromo-phenylamino) -quinazolin- 6 -yl] -amide; 

5-Imidazol-l-yl-pent-2-ynoic acid [4-(3- 
bromo-phenylamino) -quinazolin- 6 -yl] -amide; 

5- (4 -Methyl-piperazin-l-yl) -pent -2 -ynoic acid 
[4- (3-bromo-phenylamino) -quinazolin-6 -yl] -amide; 

4- [4- (3 -Bromo-phenylamino) -quinazolin- 6- 
ylcarbamoyl] -but-3-enoic acid 2-(4-methyl- 
piperazin-l-yl) -ethyl ester; 

4- [4- (3-Bromo-phenylamino) -quinazolin- 6 - 
ylcarbamoyl] -but-3-enoic acid 2 - imidazol - I'-yl - 
ethyl ester; 
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265 Pent-2-enedioic acid 1- { [4 - (3 -bromo- 

phenylamino) -quinazolin-6-yl] -amide} 
5- [ (3-morpholin-4-yl-propyl) -amide] ; 

Pent -2-enedioic acid l-{ [4- (3-bromo- 
phenylamino) -quinazolin-6-yl] -amide} 
270 5- t (3-diethylamino-propyl) -amide] ; 

4- [4- (3 -Bromo-phenylamino) -quinazolin- 6 - 
ylcarbamoyl] -buc-3-enoic acid 2 -morpholin- 4 -yl- 
ethyl ester; 

Pent - 2 -enedioic acid [4- (3-bromo- 

275 phenyl amino) -quinazolin - 6 -yl] -amide} 5- { [3 - (4- 

methyl-piperazin-l-yl) -propyl] -amide} ; 

3- [4- (1-Phenyl-ethylamino) -pyrido [3, 4-d] 
pyrimidin- 6 -ylcarbamoyl] -acrylic acid 
2 -morpholin- 4 -yl -ethyl ester; 
280 But - 2 -enedioic acid (4 -imidazol- 1-yl- 

butyl) -amide (4- ( 1 -phenyl -ethylamino) - 
pyrido [3 , 4 -d] pyrimidin- 6-yl] -amide; 

4 - [4 - ( 1- Phenyl -ethylamino) -pyrido [3 , 4 -d] 
pyrimidin- 6 -ylcarbamoyl ] -but-3-enoic acid 
285 3-diethylamino-propyl ester; 

Pent - 2 -enedioic acid 5-{ [2- (4-methyl- 
piperazin- 1 -yl) -ethyl] -amide} i- { [4- ( 1 -phenyl - 
ethylamino) -pyrido [3 , 4 -d] pyrimidin-6-yl] -amide } ; 
4 , 4 -Dif luoro- 7 -morpholin-4 -yl -hept -2 -enoic 
2 90 acid [4 - {1 -phenyl -ethylamino) -pyrido [3 , 4 -d] 

pyrimidin-6 -yl] -amide; 

7-Dimethylamino-4 , 4 -dif luoro -hept -2 -enoic 
acid [4- (1-phenyl-ethylamino) -pyrido [3 , 4 -d] 
pyrimidin-6 -yl] -amide; 
295 7-Imidazol-l-yl-hept-2-ynoic acid [4-(l- 

phenyl -ethylamino) -pyrido [3 , 4 -d] pyrimidin-6 -yl] - 
amide ; 

(3 -Chloro-4 -f luoro -phenyl) - [6- ( 5 -morpholin-4 - 
yl-pent-l-ene-l-sulfonyl) -pyrido [3 , 4 -d] pyrimidin- 
300 4-yl] -amine; and 
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6-Dimethylamino-hex-2«ynoic acid [4-(l- 

phenyl-ethylamino)~pyrido[3,4-d]pyrimidin-6-yl]- 
amide . 

65, A compound according to Claim 1 wherein 
X is -D-E-F and F is 



-C=<j:, -CsC-r5 or -C=C=C; 
H H 



and is 

1. l-difluoro(C2-C6)alkyl, Ci-Cgalkyl, 

- < ^"2 > n-N-piperidinyl , - ( ) ^-piperazinyl , 

- f"^"2>n-Piperazinyl[N4-(Ci-C6)alkyl] , 

- {CH2 ) n-N-pyrrolidyl , - (CH2 ) p-pyridinyl , 

- <C"2^n-N-i"^idazoyl, - (CH2 )n-N-morpholino, 

- (CH2 ) j^-N-thiomorpholino, 
-CH=CH- (Ci-C6)alkyl, 

~ ^'-^2 ) n~'^"^®^shydroazepine, 

- (CH2 ) nNH2 , - (CH2 ) nNH(Ci-C6 alkyl ) , 

-(CH2)nN{Ci-C6 alkyl) 2, -1-oxo ( -Cg ) alkyl , 

carboxy, (C^-Cg ) alkyloxycarbonyl , 

N- (Ci-Cg)alkylcarbamoyl. and each Ci-Cg alkyl 

group of 1, l-difluoro{Ci-Cg) alkyl, C^-Cg 

alkyl, -CH=CH- (C^-Cg) alkyl, 

-1-0x0 ( Ci -Cg ) alkyl , ( Ci -Cg ) alkyloxycarbonyl , 
or -N- {C;^-Cg ) alkylcarbamoyl is substituted 
with -OH, -NH2, or -NAB, where A and B are as 
defined above; or 
Y is -D-E-F and F is 



ff f f 

-c=<j:, -csc-r5 or -c=c=(j:; 

H H 
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and R 



IS 



1. 1-difluoro (C^-C5)alkyl, C^^-Cgalkyl, 

- (CH2 ) j^-N-piperidinyl , - (^^2 ^ n'^'P^lP^^SL^^^Y^ * 

- { CH2 ) j^-piperazinyl [N4 - (C^ -Cg ) alkyl ] , 

- I CH2 ) p-N-pyrrolidyl , - ( CH2 ) ^-PY^ i<iiny 1 , 

- (CH2 ) j^-N-imidazoyl , - (CH2 ) j^-N-morpholino , 

- (CH2 ) j^-N-thiomorpholino, 
-CH=CH- (03^-05) alkyl, 

- (CH2 ) j^-N-hexahydroazepine, 

-(CH2)n^2' " (^^2)n^(^l"^6 sl^VD ' 

- (CH2 )nN(Ci-C5 alkyl) 2. -1-oxo (C^^ "^6 ^ ^^^^^ ' 
carboxy , (C^ -Cg ) alkyloxycarbonyl , 

N- (C^ -Cg ) alkylcarbamoyl , and each C^-C^ alkyl 
group of 1, 1-dif luoro(C]^-C5 ) alkyl, C^-Cg 
alkyl, -CH=CH- (C^^-Cg) alkyl, 

-1-0x0 (Cj-Cg ) alkyl , (C^-Cg ) alkyloxycarbonyl , 
or -N- (C^^-Cg ) alkylcarbamoyl is substituted 
with -OH, -MH2 , or -NAB, where A and B are as 
defined above. 



66. A compound according to Claim 18 wherein 
X is -D-E-F and F is 



1, 1-dif luoro (C;j^-Cg ) alkyl, C-j^ -Cgalkyl , 

- (CH2 ) j^-M-piperidinyl , - (CH2 ) ^^-piperaziny 1 , 

- (CH2 ) n-pipe^razinyl [N4- (C^^-Cg ) alkyl] , 

- (CH2 ) j^-N-pyrrolidyl, - (CH2 ) n-Py^i^i^Y^ ' 

- (CH2 ) j^-N-imidazoyl, -(CH2 ) j^-N-morpholino, 

- (CH2 ) j^-N-thiomorpholino, 
-CH=CH- (C^^-Cg ) alkyl, 

- ( CH2 ) jj-N-hexahydroazepine , 




H 



H 



and is 
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-(CH2)nNH2,-(CH2)nNH(Ci-C6 alkyl ) , 
-(CH2)nN(Ci-C6 alkyl)2, -1-oxo ( Cj -Cg ) alkyl , 
carboxy, (C^ -Cg ) alkyloxycarbonyl , 
N- (C3^-C5)alkylcarbamoyl, and each C^^-Cg alkyl 
group of 1, 1-difluoro (Cj^-Cg) alkyl, C^^-Cg 
alkyl, -CH=CH- (Ci-Cg) alkyl, 

-l-6xo (Ci -Cg ) alkyl , (C^ -Cg ) alkyloxycarbonyl , 
or -N- (Ci-Cg)alkylcarbanioyl is substituted 
with -OH, -NH2, or -NAB, where A and B are as 
defined above; or 
Y is -D-E-F and F is 

-C=Cj:, -CsC-R^ or -C=C=(j:; 

H H 
and is 

1, l-difluoro(CT -Cg)alkyl, C^^-^ealkyl, 

~ ' "^"2 ) n-N-piperidinyl , - (CH2 ) p -piperazinyl . 

- <^"2 5 n-Piperazinyl [N4 - (C-^ -Cg ) alkyl] , 

" <'^"2 ^ n-N-pyrrolidyl , - (CH2 ) ^-pyridinyl , 

~ (CH2)n-N-imidazoyl, - ( CH2 ) n-N-morpholino , 

- {CH2 ) n~N-thiomorpholino, 

-CH=CH- (Ci-Cg) alkyl, 

~ ^ ^^^2 ) n'^'^^^^^^y^^oazepine , 

- (CH2)nNH2, -(CH2)nNH(C,-Cg alkyl), 

-(CH2)nN(Ci-C6 alkyl) 3, -1-oxo (Ci-Cg ) alkyl , 

carboxy, (C^^-Cg) alkyloxycarbonyl, 

N- (Gj^-Cgjalkylcarbamoyl, and each C^^-Cg alkyl 

group of 1, l-difluoro{Ci-Cg) alkyl, C^-Cg 

alkyl, -CH=CH- (C;^-Cg) alkyl, 

-1-0x0 (Ci-Cg ) alkyl , (Cj -Cg ) alkyloxycarbonyl, 
or -N- (Cj^-Cg ) alkylcarbamoyl is substituted 
with -OH, -NH2, or -NAB, where A and B are as 
defined above. 
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67. A compound according to Claim 30 wherein 
X is -D-E-F and F is 

-C = (j:, -C=C-R^ or -C=C=<j:; 
H H 

10 and is 

1, 1-dif luoro (C^ -C^ ) alkyl , C^j^ - Chalky 1 , 

- ( CH2 ) ^-N-piperidinyl , - (CH2 ) p-piperazinyl , 

- (CH2 ) j^-piperazinyl [N4- (C2 -C^ ) alkyl ] , 

- (CH2 ) j^-N-pyrrolidyl , - {CH2 ) p^-pyridinyl , 
15 - <CH2 ) j^-N-imidazoyl , - (CH2 ) j^-N-tnorpholino, 

- (CH2 ) j^-N-thiomorpholino, 
-CH=CH- (Ci-C6)alkyl, 

- (CH2 ) j^-N-hexahydroazepine, 
-{CH2)p^NH2,-(CH2)n^^(^l~C5 alkyl) , 

20 - {CH2) ^KSiCi'C^ alkyl)2, - 1-oxo ( C^^ -C5 ) alky 1 , 

carboxy , (C^ -C^ ) alky loxycarbonyl , 
N- (C^^-C^ ) alkylcarbamoyl , and each C-^-C^ alkyl 
group of 1, 1-difluoro (C^l^-Cg) alkyl, C^-C^ 
alkyl, -CH=CH- (C^^-Cg ) alkyl, 

25 -1-0x0 (C^^-Cg ) alkyl , (C^-Cg ) alky loxycarbonyl , 

or -N- (C^^-Cg ) alkylcarbamoyl is substituted 
with -OH, -NH2 y or -NAB, where A and B are as 
defined above; or 
Y is -D-E-F and F is 



30 



ff , f 

-C=(j:, -CsC-R^ or -C=C=Cj:; 

35 H H 

and is 



1, 1-dif luoro (C^-Cg ) alkyl , C3^-C5alkyl, 

- (CH2 ) ^-N-piperidinyl , - ( CH2 ) ^'Pip^^^^inyl , 

- {CH2 ) j^-piperazinyl [N^- (C^-Cgjalkyl] , 



BNSOOCIO: <WO_97389S3A1J_> 



wo 97/38983 



PCT/US97/05778 



-186- 

" (CH2)ri-N-pyrrolidyl, - (CH2 ) ^-pyridinyl , 
~ ^^^2 ' n-^-i^idazoyl, - (CH2 ) n-N-morpholino, 
- (CH2 ) ^-N- thiomorpholino, 
-CH=CH~ (C;L-C5)alkyl, 

- ( CH2 ) n^I^-h^^^hydroazepine , 

- (CK2) ^NH2 . - {CH2) ^NH{C^-C^ alkyl) , 
"(CH2)nN(Ci-C^ aikyl)2, -1-oxo (C^^-^e > ^^^V^ ' 
carboxy, (C^^-Cg ) alkyloxycarbonyl, 
N- (Cj^-Cg) alkylcarbamoyl, and each C-i-C^ alkyl 
group of 1, 1-dif luoro(C;j^-C5)alkyl, C^~C^ 
alkyl, -CH=CH- (C^^-Cg ) alkyl , 

-1-0x0 ( -C5 ) alkyl , (C-L -C5 ) alkyloxycarbonyl , 
or -N- (C-^-C^ ) alkylcarbamoyl is substituted 
with -OH, -NH2, or -NAB, where A and B are as 
de f ined above . 

68 . A coirpound according to Claim 1 wherein 
X is -D-E-F; 

Y is -SR^, -OR^, or -NHR^ ; 

and R^ and R^ are - (CH2 ) ^^-N-piperidinyl , 

- (CH2 ) ri-N-piperazinyl, 

" (^^2 ) n"^l -Piperazinyl [N4 - ( C;^ -Cg ) alkyl ] , 
' <^^2 > n-'^-Py^^olidyl , - (CH2 ) ^^-pyr idinyl , 
" ' ^^2 ' n"^- imidazoy 1 , - ( CH2 ) iniidazoy 1 , 

- (CH2 ) j^-N-morpholino , 

- (CH2 ) ri-N-thiomorpholino , 

- (CH2 ) ^-N-hexahydroazepine or substituted 
C2-C5 alkyl, wherein the substituents are 

t 

selected from -OH, -NH2 , or -N-B, A and B are 
independently hydrogen, C;j^-C5 alkyl, 

- (CH2 ) nOH, - (CH2 ) n-N-piperidinyl , 

- (CH2 ) n^N-piperazinyl, 

" (CH2)n-Ni -piperazinyl [N4- (C^^-Cg ) alkyl] , 
~ <^^2 ' n-N-Py^^olidyl, - {CH2 ) n^^^-Py^idyl , 
"(^^2^n''^"^^^^2:oyl or - (CH2 ) ^-N- imidazoy 1 ; or 
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Y is -D-E-F; 

X is -SR^ , 'OR^ , or -NHR^ ; 
and R-^ and r"^ are - (CH2 ) ^"^"PiP^^idi^yl ' 
25 - (CH2 ) j^-N-piperazinyl, 

- (CH2 ) j^-N. -piperazinyl [N4- (C^^-Cg) aikyl] , 

- (CH2 ) ^-N-pyrrolidyl , - (CH2 ) j^-pyridinyl , 

- (CH2 ) ^-N-imidazoyl , - {CH2 ) j^-imidazoyl , 

- (CH2 ) j^-N-morpholino, 

30 - (CH2 ) ^-N-thiomorpholino, 

- (CH2 ) j^-N-hexahydroazepine or substituted 
C^-Cg alkyl, wherein the substituents are 

t 

35 selected from -OH, -NH2 , or -N-B, A and B are 

independently hydrogen, C-^-C^ alkyl , 
- (CH2 ) nOH, - (CH2 ) ^-N-piperidinyl, 

- (CH2 ) j^-N-piperazinyl , 

- (CH2 ) j^-N-^-piperazinyl [N4- ( -Cg ) alky 1 ] , 
40 - (CH2 ) j^-N-pyrrolidyl, - (CH2 ) ^^-N-pyr idyl , 

- ( CH2 ) j^- imidazoy 1 , or - ( CH2 ) n"^~ imidazoy 1 . 

69. A compound according to Claim 18 wherein 
X is -D-E-F; 

Y is -SR^, -OR^, or -NHR^ ; 

and R-^ and R^ are - ( CH2 ) r^-N-piperidinyl , 
5 - {C:H2 ) j^-N-piperazinyl, 

- {CH2 ) n-^l-pipe^^zinyl [N4- ( -C^ ) alkyl ] , 

- (CH2 )n-N-pyrrolidyl, - ( CH2 ) ^-Py^i^^iriyl ' 

- (CH2 ) j^-N- imidazoy 1 , - (CH2 ) j^-imidazoyl , 
- (CH2 ) ^-N-morpholino, 

10 - ^^^2 ) n"'^*'^^^^"^^^P*^*^^-^^^' 

- (CH2 ) j^-N-hexahydroazepine or substituted 
C^-Cg alkyl, wherein the substituents are 

T 

15 selected from -OH, -NH2 / or -N-B, A and B are 

independently hydrogen, C^-Cg alkyl, 
- (CH2 ) nOH, - (CH2 ) n-N-piper idinyl , 
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- (CH2 ) j^-N-piperazinyl , 

" (<=^H2)n-N3^-piperazinyl[N4~ (C^ -C5 ) alkyl ] , 
' ^^2 ^ n~^~Py^^olidyl , - ( CH2 ) j^-N-pyridyl , 
" ^^^2^n~i"^^^^zcyl or - (CH2 ) n-N-imidazoyl ; or 

Y is -D-E-F; 

X is -SR^, -OR^, or -NHR^ ; 

and R^ and R^^ are - (CH2 ) ^-^I-piperidinyl , 

- (CH2 ) j^^N-piperazinyl , 

" ^^^2 ) n~^l*PiP^^^2inyl [N^- (C^-Cg ) alkyl] , 
" f^^2 5 n'^'Py^^^li^yl ' - (CH2 ) n-Pyi^idinyl , 
" ( ^^2 ) n~^" iniidazoy 1 , - ( CH2 ) ^ - imidazoy 1 , 

- (CH2 ) f^~N-morpholino , 

- (CH2 ) j^-N-thiomorphoiino, 

- (CH2 ) j^-N-hexahydroazepine or substituted 
^1~^6 ^l^yl' wherein the substituents are 

selected from -OH, -NH2 . or -N-B, A and B are 
independently hydrogen, C;i^-*C5 alkyl, 
- (CH2 )nOH, - (CH2 )n-N-piperidinyl, 

- (CH2 ) j^-N-piperazinyl, 

- (CH2)n-Ni-piperazinyl[N4- (C^-Cg ) alkyl] , 

" ^^^2 ' n""^~Py^^o^i^y^ ' - (^^2 ) n-N-pyridyl , 

- (CH2 imidazoy 1, or - {CH2 ) ^-N- imidazoy 1 . 

70. A compound according to Claim 30 wherein 

X is -D-E-F; 

Y is -SR^, -OR^, or -NHR^ ; 

and R^ and R^^ are - {CH2 ) n-N-piperidinyl , 

- (CH2 ) j^-N-piperazinyl , 

- < ^^2 ) n'^1 -Piperazinyl [N4 - ( C;^ -C5 ) alkyl ] , 

- (CH2)n-N-pyrrolidyl, - (CH2 ) ^-pyridinyl , 

- (CH2 )n-N-i"^iciazoyl, - {CH2 ) j^-imidazoyl , 

- (CH2 ) j-^-N-morpholino, 

- (CH2 ) n-N-thiomorpholino, 

- (CH2 ) n*"N-^e^a^y<^2roazepine or substituted 
C^^-Cg alkyl, wherein the substituents are 



wo 97/38983 PCT/US97/05778 

-189- 

t 

15 selected from -OH, -NH2 , or -N-B, A and B are 

independently hydrogen, ^i^C^ alkyl, 

- (CH2 ) nOH, - (CH2 ) r^-N-piperidinyl, 

- (CH2 ) j^-N-piperazinyl , 

- (CH2 )n-Ni-piperazinyl ( C-^ -C5 ) alkyl ] , 
20 - (CH2 ) ^-N-pyrrolidyl , - (CH2 ) j^-N-pyridyl , 

- (CH2 ) p-imidazoyl or - {CH2) Y^-^-irtiidLa.zoyl; or 
y is -D-E-F; 

X is -SR^, -OR^, or --NHR^ ; 
and R-^ and R"^ are - (CH2 ) j^-N-piperidinyl , 
25 - (CH2 ) p-N-piperazinyl, 

- (CH2 ) p-N3^-piperazinyl [N4- (C^^ -C5 ) alkyl] , 

- (CH2 ) j^-N-pyrrolidyl, - (CH2 ) ^^-pyr idinyl , 

- (CH2 ) p -N-imidazoyl , - (CH2 ) j^-imidazoyl , 

- (CH2 ) j^-N-morpholino , 

30 - (CH2 ) p -N- thiomorpholino , 

- (CH2 ) y^-N-hexahydroazepine or substituted 
C^-C^ alkyl, wherein the substituents are 

t 

35 selected from -OH, -NH2 , or -N-B, A and B are 

independently hydrogen, C^-C^ alkyl, 
- (CH2 ) nOH, - (CH2 ) p-N-piperidinyl , 
- (CH2 ) p-N-piperazinyl , 

- ( CH2 ) n -Nn -piperaz iny 1 [N4 - ( -C5 ) alky 1 ] , 
40 - ( CH2 ) p-N-pyrrolidyl , - (CHj ) ^^-N-pyridyl , 

- (CH2 ) j^-imidazoyl , or - (CH2 ) j^-N-imidazoyl . 
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